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Transposition of the great vessels has attracted attention as “the 
most interesting and puzzling’’ of congenital cardiac malformations. 
Other defects, such as persistent foramen ovale, patent ductus arteriosus, 
abnormal aortic arches, may be considered as mere developmental 
defects, i. e., as evidences of the persistence of certain stages in 
embryonic development. In transposition, however, a radical departure 
from normal development has apparently taken place, to the great dis- 
advantage of the organism. Similar arrangements cannot be compatible 
with normal complete development, for at no point in ontogeny are 
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428 ARCHIVES OF PATHOLOGY 
similar forms definitely seen. A number of ingenious hypotheses have 
been advanced in explanation. It is the purpose of this paper to offer 
a summary of them. Since a complete exposition of the phylogenetic 
theory of Spitzer has never appeared in English literature, his work will 
be examined in greater detail. To illustrate this theory, examples from 
the collection in the Children’s Hospital will be cited. Excellent accounts 
of the normal embryology of the heart are readily available, and the 
reader is referred to them for review (Davis; Monckeberg, 1924; 
Keibel and Mall, 1910). 
GLOSSARY 


There has been considerable variation in the use of many of the terms 
by different writers. It is therefore deemed advisable to list definitions 
of the terms as they appear in this paper. 


Bulboatrial ledge: The projecting ledge in the primitive heart cavity caused 
by the bulboatrial cleft. 

Conus arteriosus: The smooth-walled anteromedial portion of the right ventricle 
which gives rise to the pulmonary artery. 

Crista supraventricularis: The thick rounded muscular ridge, averaging 12 to 
15 mm. in height, which arches across the roof of the right ventricle from the 
ventricular septum to the anterolateral ventricular wall. It lies behind the pulmonary 
artery and in front of the anterior cusp of the tricuspid valve. Between the valve 
and the crista there is a fossa of varying depth. This is illustrated in figure 5, 
page 9, of Abbott’s “Atlas of Congenital Cardiac Disease.” 

Detorsion: The term used by Spitzer to designate a deficiency in the normal 
twisting of the entire heart in an early period of development. 

Dextrocardia: The location of the heart in the right side of the thoracic cavity, 
with the apex pointing toward the right. It seems preferable to refer to types of 
dextrocardia as intrinsic or extrinsic, depending on whether the condition is due 
to causes within or to causes outside of the heart. This would obviate the 
necessity for the term “dextroversion” as used by Lichtman to designate extrinsic 
dextrocardia. 

Dextroversion: According to Spitzer, the type of functionally corrected trans- 
position in which the aorta arises left anterior from the left-sided ventricle, and 
the pulmonary artery from the right posterior portion of the right-sided ventricle. 
The atrioventricular valves are usually inverted. (See case 16.) The term has 
been used by others to signify an extrinsic congenital dextrocardia (Paltauf; 
Monckeberg ). 

Dextroposition of the aorta: The insertion of the aorta to the right of its normal 
position. Increasing degrees of dextroposition carry the aorta first to the riding 
position over the interventricular septum, then into the midportion of the right 
ventricle and finally to an anterior position in the same ventricle. 

Heart of reptiles: The sinus venosus lies on the dorsal wall of the atrium and 
varies considerably in size in the different species. The atria are divided into right 
and left chambers by a complete septum. Two atrioventricular orifices are present. 
The ventricular cavity is divided by an incomplete septum which runs from the 
ventral wall to the dorsal portion of the right lateral wall. The ventricles are 
therefore situated right ventrally and left dorsally. Both atria open into the dorsal 
chamber, which gives off two separate aortas. The pulmonary artery arises from 
the ventral chamber. The dorsal chamber is subdivided by a trabecular formation 














HARRIS-FARBER—CARDIAC VESSELS 429 
which runs from the back of the first septum to the dorsal wall of the ventricle. 
This formation passes between the two aortas and inserts between the atrial orifices. 
In crocodiles it forms a new complete ventricular septum, while the first septum 
undergoes regression to form the Muskelleiste (muscle ledge) of Greil. The latter 
separates the pulmonary artery from the right aorta. The three great vessels all 
contain bicuspid valves. “It appears that the ventricular septum in the Crocodilia 
(and in the hearts of birds and mammals) consists of two parts, the one of which, 
the anterior part, represents the division of the ventricle to effect a separation of the 
outgoing blood, and the other, the posterior part, the division to maintain the 
separation of the incoming atrial blood. The former of these parts appears first, 
and apparently is that found generally throughout the reptilia, while the latter 
remains small and is largely replaced by the atrio-ventricular valves.” (Walmsley, 
1929). 

Infundibulum: Synonymous with conus arteriosus. 

Inversion: Also called situs inversus in contrast to the normal situs solitus. 
The formation of an organ in right left mirror picture to that of the normal without 
alterations in the anteroposterior relationships. 


Moderator band: A trabecular formation, variable in extent and form in man, 
which stretches across the lower part of the right ventricular cavity from the 
lower third of the ventricular septum to the anterolateral ventricular wall in 
close relation to the anterior papillary muscle of the tricuspid. 


Muskelleiste of Greil: See “Heart of Reptiles.” 

Septum aorticopulmonale: The portion of the truncus bulbus septum which 
separates the pulmonary artery from the two aortas in reptiles and from the single 
aorta in mammals. 

Septum aorticum: The portion of the truncus bulbus septum which separates 
the left ventricular aorta from the pulmonary artery (and the right ventricular aorta 
in reptiles). 

Sinus of the right ventricle: The posterior or inflow portion of the right 
ventricle, which is separated from the infundibular, or outflow, portion by the 
crista supraventricularis and the trabecula septomarginalis. This demarcation is 
more clearly defined in the contracted heart and is shown distinctly in figure 39 in 
Tandler’s “Anatomie des Herzens.” 


Trabecula septomarginalis:) The trabecula septomarginalis is commonly held 

Tricuspid ledge: { to be identical with the moderator band as defined 
in a foregoing paragraph. Spitzer has expressed the belief, however, that the 
structure is a composite made up of the trabecula proper and the apical portion of 
the anterior tricuspid ledge. The former, together with the crista supra- 
ventricularis, forms the inferior aorticopulmonary septum (crista aorticopul- 
monalis). Originally the structure had the function of separating the pulmonary 
artery from the right ventricular aorta and is therefore homologous to the 
Muskelleiste of Greil. The second part, the apical portion of the anterior tricuspid 
ledge, comprises the anterior papillary muscle of the tricuspid valve, the medial 
muscle of Lancisi and the posterior portion of the moderator band between these 
structures. Because of the obliteration of the right ventricular aorta, the apical 
portion of the tricuspid ledge has become fused to the posterior border of the 
trabecula proper. ; 


1. Several definitions (e. g., those of crista supraventricularis and moderator 
band) follow closely those given by Walmsley in Quain’s “Elements of Anatomy.” 
See bibliography, under “general references.” 
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The superior, or basal, portion of the anterior tricuspid ledge is composed of 
the anterior attachment of the tricuspid ring and the anterior leaflet with its 
chordae. It is separated from the crista supraventricularis by the niche which 
marks the site of the obliterated right ventricular aorta. The fusion of the 
tricuspid ledge and the crista supraventricularis to form the composite trabecula 
septomarginalis forms the Y-shaped ledge on the interventricular septum, referred 
to by Humphreys. The medial and posterior tricuspid leaflets with their chordae, 
papillary muscles and basal attachments are derivatives of the posterior tricuspid 
ledge. 

Transposition: Abbott, in Osler’s “Modern Medicine,” has defined transposi- 
tion as “an alteration in the position of the two great vessels relative to the yen- 
tricles of the heart, or to each other at their origin, so that they either spring 
from reversed ventricles, the aorta from the right, and the pulmonary artery from 
the left chamber (complete transposition), or from the ventricle to which they 
normally belong, but in reversed relationship (corrected transposition).” In certain 
cases, however, the definition of complete transposition must be supplemented by 
the words: and an alteration in the anteroposterior relationships of the great vessels, 
either at the ventricular insertion or in their spiraling. Otherwise cases of pure 
inversion could be referred to as transposition, e. g., the position of the great 
vessels in complete situs inversus of the entire body. Furthermore, the term 
“ventricle to which they normally belong” may refer, in the case of the pulmonary 
artery, either to the tricuspid-bearing chamber, or the right-sided chamber regard- 
less of structure, or to the systemic venous ventricle. Since these meanings may 
connote different ventricles in the same heart, it appears advisable to use the 
term “corrected” in a functional sense only. Thus a corrected transposition would 
be one in which the pulmonary artery arose from the ventricle receiving the 
systemic venous blood and the aorta from that receiving oxygenated pulmonary 


blood. 
HISTORICAL INTRODUCTION 

The first description of a series of cardiac abnormalities was given 
by Senac in 1749. His efforts to explain their pathogenesis were futile, 
and he refers to them as the manifestations of an “intelligence forma- 
trice.” In 1812 Meckel sought to explain various anomalies on an 
embryologic basis and came to the conclusion that they were Hemmungs- 
bilden (failures of development at an embryologic stage). 

Two years later Farre, a clinician, discussed the various forms of 
congenital heart disease in brilliant fashion. He classified them physio- 
logically into defects causing mingling of the blood and defects causing 
impediment to the circulation. He also called attention to the frequent 
occurrence of the triad of pulmonic stenosis, overriding aorta and 
interventricular septal defect. It is interesting to note that Farre 
defended his departure to the field of pathology by stating that only 
from the pathologic basis could the picture of congenital heart disease 
be understood. The wisdom of this statement has been amply demon- 
strated by the fundamental work of Abbott, who in this manner was 
successful in bringing order and comprehension into the chaotic field 
of cardiac anomalies. In 1837 Kiirschner stated that transposition 
occurred because of failure in the spiraling of the great. vessels and 
incorrect fusion of the septums of the ventricle and the truncus. Meyer 
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came to the same conclusion in 1857, after studying a case of complete 
transposition. “Embryology furnishes an easy means of explaining the 
transpositions from faulty development; that is, from an arrested 
development of the great vessels in an embryological stage in which 
the spiral torsion of the vessels had not yet taken place.” No other 
comment is made. 

The best early work on the subject in English was published by 
Peacock in 1858. His classification was similar to that of Meckel. 
Defects were arranged according to the points of time in intrauterine 
life at which arrest in development was assumed to have taken place. 
Peacock was well in advance of his time, and his work still remains an 
excellent source of clinical and pathologic material. He recognized, 
with Farre, the frequent occurrence of the combination of pulmonary 
stenosis, overriding aorta and ventricular septal defect. He pointed out 
the long duration of life in this condition and demonstrated that in this 
triad the patency of the foramen ovale and the ventricular septum 
allowed life to continue for longer periods. In regard to complete 
transposition he stated: “. . . cases of this kind afford examples of 
complex deviations consisting partly in arrest of growth at early periods 
of fetal life, and partly in irregularity in the evolution of the main 
arteries, the aorta and pulmonary arteries, from the single arterial trunk 
and the branchial arches.” Very shrewd were his comments concerning 
comparative anatomy. He stated that the usual interventricular septal 
defect between the subaortic region of the left ventricle and the sinus 
of the right ventricle was homologous with the foramen between the two 
aortic ventricles of the turtle. This view was upheld in 1922 by Abbott 
and Shanly, who showed that a defect between the left ventricle and the 
right ventricular sinus was comparable to the interventricular foramen 
between the left and right halves of the dorsal ventricle of the turtle. 
Finally Peacock foreshadowed the work of Spitzer in the statement that 
“the sinus and infundibular portions of the right ventricle in man are 
the analogues of the right systemic and pulmonic ventricles of the turtle.” 
“In the former case” (of transposition in which both the aorta and the 
pulmonary artery arise from the right ventricle) “the analogy to the 
form of the heart in the Chelonia is most decided, the aorta arising 
from the one cavity—the sinus of the ventricle—and the pulmonary 
artery arising from the other—the infundibular portion or conus 
arteriosus.” In certain cases of transposition (see fig. 6, type 4, page 453) 
he noted that the connection of both atria with the left ventricle might 
be ascribed to the right ventricle having been completely divided by a 
septum at the point of union between the sinus and infundibular por- 
tions. This assumes regression of the true interventricular septum. 
These observations, made seventy-five years ago, are essentially in 
accord with the recent theory of Spitzer. 
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Later writers, up to the time of Rokitansky, busied themselves with 
describing malformations and discussing the theories concerning the 
origin of the combination of interventricular septal defects, pulmonary 
stenosis and overriding aorta. Morgagni, in 1761, had suggested that 
primary pulmonary stenosis might hinder the blood flow from the right 
ventricle and thus cause the other defects (obstruction or Stay 
theory). Meckel held, however, that the interventricular defect was 
primary and that the pulmonic stenosis resulted from insufficient blood 
flow (which we shall call prepulmonic deviation of blood). Heine, in 
1861, came to the conclusion that primary deviation of the ventricular 
septum to the left caused overriding of the aorta, persistence of the 
septal defect and finally pulmonic stenosis (through prepulmonic devia- 
tion). Halbertsma decided on coincidental primary movement of the 
truncus septum to the right and of the ventricular septum to the left, 
so that both pulmonary stenosis and overriding by the aorta arose 
simultaneously. 

In 1865 Kussmaul reviewed all previous theories and stated that the 
growth of the ventricular septum must take place before the growth 
of the truncus septum and the spiraling of the aorta and pulmonary 
arteries. Both vessels originate from the ascending limb of the primitive 
ventricular loop which is continued into the common truncus and which 
later forms the right ventricle. The overfilling of the right ventricle 
by blood coming through a primary ventricular defect would cause 
deviation of the ventricular septum to the left and make union with the 
truncus septum impossible. In this manner the aorta would come to the 
overriding position with its lumen in relation to both ventricles. 


THEORY OF ROKITANSKY 


Such was the status of knowledge of congenital heart disease when 
Rokitansky, in 1875, published the “Defecte der Scheidewande des 
Herzens.” In this work a comprehensive scheme of pathogenesis of 
cardiac anomalies is based directly on embryologic studies. Only that 
portion which concerns abnormalities in the position of the great vessels 
will be discussed here.* 

Rokitansky postulated that the normal truncus septum begins as a 
swelling in the left posterior portion of the primitive truncus. This 
swelling grows toward the right anterior portion in a curved fashion, 
with the convexity normally directed anteriorly. Rokitansky believed 
that the curvature determined the nature and position of the vessels, the 
aorta being always on the concave side and the pulmonary artery always 
on the convex. Thus the normal aorta was thought to be in the right 
posterior position, and the pulmonary artery in the left anterior position, 
at the insertion into the ventricles. The septum ventriculorum arises 


2. Excellent discussions of the entire theory of Rokitansky are to be found 
in the works of Assmus, Herxheimer and Rauchfuss. 
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to the left of the common truncus, so that both vessels at first open 
into the right ventricle. A defect in the anterior portion of the ventricu- 
lar septum, however, affords an opening for. the aorta into the left 
yentricle. The aorta is soon transferred completely: into the left ventricle 
by the growth of the right side of the ventricular septum around the 
right base of the aorta toward the concave inferior edge of the truncus 
septum and by the fusion of these septums with the right end of the 
endocardial cushions of the atrioventricular canal. 

Rokitansky postulated, on teratologic grounds, that the form of the 
yentricle depends on the position of the ventricular septum. The ventricle 
on that side from which the septum ventriculorum takes origin will be 
arranged as the normal left ventricle, with a bicuspid valve, while the 
other will have the conus arteriosus, heavy trabeculation and tricuspid 
valve characteristic of the normal right ventricle. To explain why 
the truncus and ventricular septums develop normally from the left 
side, Rokitansky hazarded the guess that they were influenced by the 
origin of the descending aorta and ductus arteriosus (normally on the 
left side). 

It is to be noted that Rokitansky saw no reason for assuming a 
close correlation between the spiraling of the great vessels and the 
direction of the lower truncus septum. On that account he considered 
only the lower end of the truncus in his theory of the origin of trans- 
position. The stress thus laid on the faulty anlage and development 
of the truncus septum constitutes, according to Monckeberg, one of 
Rokitansky’s most important contributions. 

On this conception of embryonic development is based his explana- 
tion of cardiac malformations. The truncus septum may assume any 
position in the lower truncus. The septum ventriculorum may there- 
fore vary in its inception either from the right or from the left. This 
gives eight possible variations in the Rokitansky scheme, doubled by the 
assumption that the septum may have the concavity reversed. (See 
fig. 1.) Note that in series A 5 to 8 and series B 5 to 8 the septum 
takes origin from the right, so that the character of the ventricles is 
transposed. Series A represents “corrected transposition” since the 
aorta arises from the left ventricle and the pulmonary artery arises from 
the right ventricle as normally. Scheme B represents transposition 
(uncorrected) in situs solitus. The “correct” (gehdrige) ventricle for 
Rokitansky in situs solitus was the left for the aorta and the right 
for the pulmonary artery—even though that left ventricle might on 
occasion have a tricuspid valve (as in series A 5 to 8). Furthermore, 
because isolated inversion of the atria was then unknown, Rokitansky’s 
corrected anatomic transposition was also corrected functionally. 

For cases of pulmonic and aortic stenosis Rokitansky postulated 
an eccentric position of the truncus septum. The diagram is self- 
explanatory (fig. 1, series D). 
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Fig. 1—Series A illustrates the various forms of corrected transposition and 
series B the forms of uncorrected transposition (both after Rokitansky). The 
left hand column of each series shows the position of the truncus septum in the 
undivided truncus arteriosus. The rounded end represents the point of origin of 
the septum. The right hand column of each series shows the condition of the 
interventricular septum after the separation of the great trunks. The rounded 
end corresponds in position with the point of origin of the truncus septum. The 
hooked end represents the membranous portion of the septum. The structures are 
viewed from above and anteriorly. Diagram A 1 shows the normal condition. Ao 
indicates the aorta and Pa the pulmonary artery. 

Series C illustrates the normal spiraling of the truncus septum. The truncus 
has been sectioned at various levels from the point of origin of the sixth branchial 
arch above to the level of the insertion of the great vessels into the ventricles 
below. 

Series D illustrates the origin of pulmonary stenosis in an eccentric position of 
the truncus septum as postulated by Rokitansky. 


Pp 






































HARRIS-FARBER—CARDIAC VESSELS 435 


MODIFICATIONS OF THE THEORY OF ROKITANSKY 


The weaknesses inherent in the Rokitansky theory were quickly dis- 
covered, and revisions were made. Born showed that the normal posi- 
tion of the aorta is left posterior, and that that of the pulmonary artery 
is right anterior, at the ventricular insertion. It was discovered that the 
truncus septum arises from the growth of two opposing pairs of swell- 
ings (distal bulbar swellings I and III and proximal bulbar swellings 
a and b). Lochte pointed out that the determination of the vessel 
destined to be the aorta or the pulmonary artery depends not on the con- 
cavity of the truncus septum but on the position of the vessels at the 
division of the truncus into the sixth branchial arch and the spiral form 
of the truncus septum. Aschoff showed that the aorta is normally 
directly anterior, and the pulmonary artery directly posterior, at the 
level of the distal portion of the truncus. It is then clear that in 
order to reach the Born position at the ventricles, the truncus septum 
must undergo a clockwise spiral of 225 degrees toward the heart (fig. 1, 
series C). When the separation of the vessels is completed, the normal 
twisting of the pulmonary artery around the aorta is evolved. Trans- 
position may then be explained by a deficient degree of spiraling. If 
this is limited to 45 degrees, the vessels are transposed, and the aorta 
arises in right anterior, and the pulmonary artery in left posterior, posi- 
tion. In situs inversus a counterclockwise torsion normally takes place, 
and limitation of this to 45 degrees will cause the origin of the aorta to 
be placed in the left anterior portion, i. e., in the position of transposition 
in situs inversus. These are the two basic forms of transposition. 

Other hypotheses have been formulated to account for certain forms 
of transposition. Lewis and Abbott studied a heart in which a large 
ventrally placed aorta emerged from a small, imperfectly separated 
portion of the ventricle and crossed in front of the pulmonary artery. 
The latter arose posteriorly, in the position of a normal aorta, from 
the main portion of the ventricle. The remainder of the heart was 
essentially normal. Lewis and Abbott concluded that a bending of the 
original cardiac tube to the left, instead of to the right, brought the 
great vessels into an apparently reversed relationship. The anterior 
aorta was then displaced to the right to join the right ventricle. 

Many years before, Keith had postulated a similar occurrence of a 
reversed bend of the ventricular loop to account for transposition, but 
Stokes had objected that in such an event there should be an antero- 
posterior interchange of the aorta and pulmonary artery. Since this is 
not always true, Stokes then assumed that the anomaly arose because 
of faulty spiraling of the truncus septum. In the case of Abbott and 
Lewis there is an actual anteroposterior interchange of the great vessels, 
but it is difficult to understand how a reversed bend of the cardiac 
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tube can affect only the trunks and allow the remainder of the heart to 
form normally. One would logically expect the architecture of the 
ventricles to be inverted. 


CORRECTED TRANSPOSITION 


In 1894 Lochte pointed out that the position of the great vessels in 
corrected transposition in situs solitus is identical with that in ordinary 
transposition in situs inversus (aorta left anterior and pulmonary artery 
right posterior). Likewise the position in corrected transposition in situs 
inversus is the same as that in the usual transposition in situs solitys, 
Lochte therefore believed that an inversion of the bulboventricular loop 
coupled with the usual type of transposition was the cause of corrected 
transposition. A corrected transposition in situs solitus should there- 
fore show situs solitus of the atria, situs inversus of the bulboventricular 
loop, inversion of the atrioventricular orifices and limitation of the 
counterclockwise (inverted) torsion of the truncus septum to 45 degrees. 

Geipel, however, strongly opposed this conception, returning to the 
principles of Rokitansky and to one of Lochte’s earlier postulates. A 
bending of the original cardiac loop (normally to the right) in the 
opposite direction would place the descending portion on the right and 
the ascending part on the left. The ascending, or truncus, portion would 
thus be taken from the right into the future left ventricle. Finally 
the posterior vessel, the pulmonary artery in this event, would be 
transferred from the left to the right ventricle. Normally the posterior 
vessel is the aorta, and it is transferred from the right to the left 
ventricle (see page 433). It is with the direction of this transfer that 
Geipel correlated the formation of the atrioventricular valves, the mitral 
valve always arising on the side to which the transfer of the posterior 
vessel is made. In corrected transposition, therefore, according to 
Geipel, the mitral valve should be in the right ventricle. He opposed 
Lochte’s assumption of a true situs inversus of the ventricles on the 
grounds that in corrected transposition in situs solitus the left sixth 
branchial arch forms the ductus arteriosus as usual, the position of the 
coronary arteries is normal, and the outer muscular layer of the heart 
retains the normal structure. Geipel, however, was in error in the 
three objections. It has since been shown that either the left or the 
right sixth arch may form the ductus arteriosus. Spitzer in 1923 
demonstrated that the coronary arteries may be transposed regardless of 
the situs of the ventricles, and Taussig showed that only the two inner 
muscular coats of the heart are reversed in true complete situs inversus. 
The direction of the outer layer remains as in situs solitus. Further- 
more, Monckeberg demonstrated an actual inversion of the ventricles 
in certain cases of corrected transposition by showing that the character 
of the atrioventricular bundles was interchanged. Lochte’s assumption 
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of an inversion of the bulboventricular loop in corrected transposition 
js accordingly correct. 
Geipel classified the types of transposition as follows: 
A. Pure transposition 
1. Situs solitus I * 
. Situs transversus* VIII 
. Situs solitus and transposition of the ventricles II 


orrected transposition 
. Situs solitus III 
2. Situs transversus* VI 
3. Situs solitus and transposition of the ventricles IV 


2 

3 

4. Situs transversus * and transposition of the ventricles VII 
B. C 

1 


4, Situs transversus * and transposition of the ventricles V 


It will be noticed that neither Lochte’s nor Geipel’s theories can 
explain the rare cases of A 3 and 4 and B1 and 2. Lochte stated that 
there may have been errors in the observations in the reported cases, 
while Geipel regarded them as merely “inexplicable variations of nature 
not to be contained in a cold scheme.” Ménckeberg, however, explained 
these by a clockwise or a counterclockwise spiral of the truncus septum 
—in other words, by the possibility of an isolated situs solitus or situs 
inversus of the truncus segment of the heart. For example, in type B 1, 
he assumed a situs solitus of all of the heart save the truncus segment, 
the septum of which undergoes a counterclockwise torsion of 45 degrees. 
Spitzer expressed the belief that isolated inversions of any portion of 
the heart may occur (in the bulbar, ventricular or sinoatrial regions). 
Any one of these may be combined with a transposition and thus give 
rise to corrected transposition, either functional or anatomic. 

The case reported by Walmsley may be cited as an example of 
isolated inversion. The heart showed corrected transposition of the 
arterial stems. The aorta arose left anteriorly and the pulmonary artery 
right posteriorly. Inversion of the ventricles and situs solitus of the 
atria were present. Walmsley stated that a true inversion of the 
ventricles with a 180 degree counterclockwise spiral of the proximal 
portions of the great vessels had occurred, and that this spiral was 
partially canceled by a 90 degree clockwise spiral of the upper part of the 
uninverted truncus septum.’ Other cases are seen in which a total 


3. The Roman numerals in the classification refer to the diagrams in figure 2. 

4. This term corresponds to “situs inversus.” 

5. The summation of these two spirals would be a 90 degree counterclock- 
wise twisting of the great vessels. In consideration of the variety of types (A 3, 
A4, B1 and B2) in which the situs of the bulbus and ventricles differ, it seems 
more probable that a situs inversus of the bulboventricular loop coupled with a 
limitation of the counterclockwise spiral to 90 degrees gave rise to the condition 
found. 
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inversion of the body and atria is coupled with the solitus position of 


the ventricles. 
INVERSION 


Monckeberg and Spitzer pointed out that inversion is the result 
of a mirror picture anlage and has little to do with instances of trans- 
position in which the defect probably appears later in the course of 
development. The heart in complete situs inversus is a mirror picture 
of the normal. One of the manifestations of transposition is a’ dis- 
turbance in the anteroposterior relationships of the great vessels, the 
aorta usually assuming a more anterior position either in the left or 
in the right ventricle. Thus, in corrected transposition, regardless of 
the presence or absence of inversion, the transposition is definitely 
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Fig. 2.—Diagrams illustrating the various types of complete transposition of 
the great vessels. A indicates the aorta; P, the pulmonary artery; PV, the pul- 
monary veins, and VC, the vena cava. The triangle represents the tricuspid valve, 
and the ellipse represents the bicuspid valve. 

According to the nomenclature of Spitzer: 1 is pure crossed transposition in 
situs solitus; 2, crossed transposition with ventricular inversion; 3, crossed trans- 
position with bulbus inversion; 4, crossed transposition with ventricular and bulbar 
inversion ; 5, crossed transposition with sinoatrial inversion ; 6, crossed transposition 
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with sinoatrial and ventricular inversion; 7, crossed transposition with sinoatrial 
and bulbar inversion, and 8, inverse crossed transposition. 

According to the nomenclature of Ménckeberg: J is pure transposition without 
ventricular transposition (situs solitus); 2, pure transposition with ventricular 
transposition in situs solitus; 3, corrected transposition without ventricular trans- 
position in situs solitus; 4, corrected transposition with ventricular transposition in 
situs solitus; 5, corrected transposition with ventricular transposition in situs 
inversus; 6, corrected transposition without ventricular transposition in situs 
inversus; 7, pure transposition with ventricular transposition in situs inversus, and 
8, pure transposition without ventricular transposition in situs inversus. 
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established by the anterior shift of the aorta, and the posterior shift 
of the pulmonary artery, in relation to the ventricles. Nevertheless, 
although inversion and transposition appear to be distinct and individual 
disturbances, the frequency of the combination of partial inversion and 
transposition (called dextroversion by Spitzer) is very much greater 
than would be expected.® Other puzzling aspects arise: the essential 
nature of an inversion, the mode of origin and the manner in which 
an inverted portion of the heart joins with the normally developed 
parts. Interesting light is thrown on the subject by the work of 
Stohr, who demonstrated normal development of the amphibian heart 
both when transplanted and when turned 180 degrees about the trans- 
verse axis. To consider these questions, however, is not within the 
scope of this paper. 

Pernkopf and Wirtinger recently proposed a theory of the cause of 
transposition founded on the concept of inversion. In 1933 they 
reported an exhaustive study of normal cardiac development based on 
the assumption that the dorsal mesocardium marks, at all times, the 
original longitudinal axis of the primitive cardiac tube (isogonal 
diameter). This fixed position serves as a guide to the torsions which 
take place during cardiac development. They also determined the 
roles of the two halves (antimeres) of the original tube through a 
study of the stage when complete fusion had not as yet taken place. 

From their study Pernkopf and Wirtinger concluded that the septal 
formations arise in a spiral form. There is a 180 degree counter- 
clockwise turn of the septal anlage in the sinoatrial region. A clock- 
wise turn of 180 degrees is present in the ventricular portion, and 
another 180 degree clockwise rotation is present in the bulbar region. 
The total spiral of the septal anlage is 180 degrees, and the systemic 
and pulmonic circuits therefore cross—allowing systemic venous blood 
to enter the pulmonary arteries and oxygenated blood to pass out 
through the aorta. To these spirals are added the movements of the 
_ cardiac tube during two phases of development.’ Briefly, the first 
phase consists of a clockwise twist of the atrial portion of the primitive 
tube. The torsion reaches its maximum of 90 degrees at the site of the 
future atrioventricular junction. At the same time the bulbar portion 
undergoes a counterclockwise rotation of 90 degrees which reaches its 
peak at the region of the bulboventricular junction. Since the tube is 


6. In fact, only a single case has been reported in which partial situs inversus 
of the bulboventricular portion with situs solitus of the atria has not been accom- 
panied by transposition of the great vessels (Ratner, B.; Abbott, M. E., and Beattie, 
W.W.: Am. J. Dis. Child. 22:508, 1921). 

7. Although the appearance of the septums actually occurs after completion 
of the first phase, it has been described first for easier comprehension. 
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fixed at both ends, the middle or ventricular portion must show a total 
rotation of 180 degrees in a counterclockwise direction. In the second 
phase, a counterclockwise twist of 150 degrees occurs at the bulbo- 
truncal region and a 45 degree diminution of the phase I torsion at 
the ventriculobulbar junction takes place. The final form of the heart 
is thus evolved. 

Table 1, which is taken from Pernkopf and Wirtinger, shows the 
form of the septums and the torsions of the cardiac wall in the phases 
of development. 

Several important points are apparent in table 1. First, the crossing 
over of the pulmonic and systemic circuits is seen to result only from 
the inherent spiraling of the septum and not from any hydrodynamic 
factors. Second, the total effect of any torsion of the cardiac tube 
must always be zero, since the tube is fixed at both ends. For the same 
reason, the total spiral of the normal septums must always be 180 degrees 


TABLE 1—Form of the Septums and Torsions of the Cardiac Wall in Phases 
of Heart Development 








Original Form of Final 
Form ofthe Phasel Septums Phase 2 Form 
Cardiac Movement of After Movement of of the 

Segment of Heart Septums Cardiac Wall Phasel Cardiac Wall Septums 
| Pee 0° 0° 0° +150° 4-150" 
Bulbus......... F jaa +180° + 90° +270° —150°-45° + 75° 
Ventricular... seeaeua +-180° 180° 0° + 45° + 45° 
Sinoatrial......... ; 180° L 90° 90 0° ~ 90° 
Total...... ‘ j + 180° 0° +180 0° +180° 


in a clockwise direction. Third, any variation in the movements of 
the cardiac wall may change the form ‘of the heart but cannot alter 
the crossing over of the two circuits. The latter function resides 
solely in the spiral nature of the septal anlage. 

On these foundations Pernkopf and Wirtinger erected their theory 
of partial inversion as the cause of transposition. Since each cardiac 
segment originally contains a 180 degree spiraled portion of the septum, 
the complete inversion of any segment will not alter the crossing over 
of the pulmonic and systemic circuits (obviously it makes little differ- 
ence whether the blood takes a clockwise or a counterclockwise turn 
in any segment as long as the total of 180 degrees is achieved). On 
the other hand, failure of the septum in any segment of the heart 
to show a spiral would result in complete separation of the two circuits 
such as exists in the usual form of transposition. The blood would 
then take a straight or 360 degree spiraled course to return to the 
same circuit it left. Pernkopf and Wirtinger noted that the possibility of 
partial inversion arises in each of the three segments because the septum 
reaches the anterior and posterior walls in the midportion of each sec- 











table 2. 





Solitus 


Type in fig. 2...... , 1 
Bulbar region... .. Inverse 
(—90°) 
Normal 
(+90°) 
Ventricular region. Normal 
(+90°) 
Normal 
(+90°) 
Sinoatrial region Normal 
(—90°) 
Normal 
(—90°) 
Total spiral of septum 0 
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tion (forming points of bilateral symmetry). They explained the usual 
transposition as the result of partial inversion of the septal anlage in the 
bulbar region. They assumed that the proximal portion of the bulbar 
septal anlage in this condition shows a clockwise turn of 90 degrees 
while the distal portion shows a counterclockwise (inverted) twist of 
90 degrees. The total spiral in that segment is therefore zero. 
the remainder of the heart is normal, the total spiral of the entire 
septum is also zero, and the pulmonary and systemic circuits do not 
cross. Pernkopf and Wirtinger assumed that similar partially inverted 
“septa transponans” may arise in the other cardiac segments and thus 
give rise to the various forms of corrected transposition as shown in 


Since 


TaBLe 2.—Form of Septum Anlage in Various Types of Complete Transposition 





ing to Pernkopf and Wirtinger) 





Crossed 
Transposition 


oP -— 
In Situs In Situs 


Inversus 
8 
Normal 
(+90°) 
Inverse 
(—90°) 
Inverse 
(—90°) 
Inverse 
(—90°) 
Inverse 
(+90°) 
Inverse 
(+90°) 
0° 


Functionally 


Functionally 
and Anatomi- 
eally Corrected 
Transposition 
ace, | o-oo a “Sao ’ 

In Situs In Situs In Situs In Situs In Situs In Situs 
Solitus Inversus 


Corrected 
Transposition 
—ESE 
Solitus Inversus Solitus 
5 a 6 
Inverse Normal Inverse 
(—90°) (+90°) (—90*°) 
Normal Inverse Normal 
(+90°) (—90°) (490°) 
Normal Inverse Normal 
(+90°) (—90°) (490°) 
Normal Inverse Inverse 
(+90°) (—90°) (—90°) 
Normal Inverse Inverse 
(—90°) (+90°) (+90°) 
Inverse Normal Inverse 
(+90°) (—90°) (+90°) 
+180° -180° +180° 


Anatomically 
Corrected 
Transposition 





Inversus 


3 


Normal 
(+90°) 
Inverse 
(—90°) 
Inverse 
(—90°) 
Normal 
(+90°) 
Normal 
(—90°) 
Normal 
(—90°) 
—180° 


2 
Inverse 
(—90°) 
Normal 
(+90°) 
Normal 
(+90°) 
Inverse 
(—90°) 
Inverse 


0° 


‘ 


Normal 
(+90°) 
Inverse 
(—90°) 
Inverse 
(—90°) 
Normal 
(+90°) 
Normal 
(—90°) 
Inverse 
(+90°) 


o° 


Through the close relationship of total and partial inversion, Pern- 
kopf and Wirtinger explained the frequent occurrence of the combi- 
nation of inversion and corrected transposition. 
the invariable presence of transposition in hearts showing a different 
situs of the atria and ventricles is strong confirmation of the hypothesis 
that partial inversion is the cause of transposition (Pernkopf and 
Wirtinger, 1935). The previously cited case of Ratner, Abbott and 
Beattie, however, shows the combination of situs inversus of the bulbo- 
ventricular loop and situs solitus of the atria without the presence of 
transposition of the great vessels. 

Recently, Lev and Saphir criticized the theory of Pernkopf and 
Wirtinger on the ground that it is difficult to conceive of cardiac develop- 
ment without the influence of irritative hydrodynamic factors. 
discarding the idea of an inherent spiraled nature of the septum forma- 


They also stated that 
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tion, they retained the concept of the movements of the cardiac wall 
during ontogenesis. After a careful study of 6 cases of transposition, 
they advanced the theory that the fundamental disturbance in cases of 
transportation is faulty absorption of the bulbus. Normally, according 
to Pernkopf and Wirtinger, there is a 270 degree clockwise spiral of 
the bulbar septum after the completion of phase I. In an attempt to 
undo this excessive spiral there is normally a 150 degree torsion at the 
ostium bulbotruncare, with a back torsion of 45 degrees at the ostium 
ventriculobulbare. These torsions are intimately associated with absorp- 
tion of the bulbus. Lev and Saphir assumed that if this absorption 
cannot proceed normally, the excessive bulbar torsion may be overcome 
abnormally by increased back torsion at the ostium ventriculobulbare 
together with decreased torsion at the ostium bulbotruncare. In this 
manner, that portion destined to become the aorta will be shifted from 
its normal position over the left ventricle to a position over the right 
ventricle, and a transposition will result. 


EARLY PHYLOGENETIC THEORIES 


The study of phylogeny has gradually thrown light on the causes 
of transposition. Keith, studying the fate of the bulbus cordis through 
phylogeny, assumed that originally the pulmonary artery led into the 
left side of the bulbus and the aorta into the right. He postulated that 
a normal expansion of the left side of the bulbus formed the conus 
and pushed this structure anteriorly to the right to join the right 
ventricle. The usual atrophy of the right side of the bulbus brought 
the aortic orifice backward and to the left. Keith argued that these 
changes were reversed in transposition, i. e., that the left side failed to 
expand sufficiently to bring the pulmonary artery to the right ventricle. 
Keith himself, however, remarked on the frequency with which pul- 
monary stenosis occurred in transposition (when the left side failed to 
expand). He wondered why subaortic stenosis did not occur more 
frequently when the right side of the buibus atrophied as it was postu- 
lated to do under normal conditions. The theory has been discarded as 
incorrect, mainly because the original positions of the vessels as 
assumed by Keith could not be verified. 

The work of Robertson on the development of the bulbar valves 
in dipnoan fishes was an important advance. She recognized that “the 
phenomenon, therefore, of the twisting of the great vessels must be 
indissolubly linked with the gradual development of a complete pul- 
monary respiration, and therefore also with the development of a com- 
pletely four-chambered heart.”’ She attempted to elucidate the “difficulty 

in explaining so marked a rotation of the arterial end of the heart 
without there being any evidence of similar rotation . . . (but in an 
opposite direction) of the venous end of the organ” by demonstrating 
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that lengthening and kinking of the bulbus in dipnoan fishes can cause 
formation of a spiral valve from the straight ridges that are seen in the 
Elasmobranchii. Incidentally, she also rearranged Rokitansky’s series, 
after pointing out that A 1 to 4 were mirror images of B 8 to 5 and like- 
wise that A 5 to 8 were mirror images of B 4 to 1. The former could, be 
explained by increased clockwise spiraling of the bulbus septum in situs 
solitus (Al to 4) or increased counterclockwise spiraling in situs 
inversus (B 8 to 5) and the latter by deficient spiraling again either in 
solitus (B 4 to 1) or inversus (A 5to8). (See fig. 1.) 


PHYLOGENETIC THEORY OF SPITZER 


The importance of phylogeny in relation to cardiac malformations 
became increasingly manifest in the works of Robertson and Keith. 
After Greil and Langer had made their exhaustive embryologic and 
comparative anatomic studies of reptiles and birds,* the time was ripe 
for a phylogenetic theory of cardiac development. In 1919 and 1921 
Spitzer correlated these findings in a comprehensive theory based on the 
circulatory demands of pulmonary respiration and terrestrial life work- 
ing through a phylogenetic series. He postulated that the formation of 
the septums in the heart are teleologically conditioned, phylogenetically 
brought about and mechanically achieved by the appearance and develop- 
ment of the lungs through phylogeny. The greater metabolic require- 
ments of both pulmonary and systemic circuits demand that the force 
of the heart be brought directly into these circuits instead of in tandem 
form, such as exists in the fishes. Moreover, the gradually increasing 
circulation brings about the division of the heart through forces inherent 
in the blood stream. 

Beneke was the first to point out some of these forces. He assumed 
that the whorls set up when a stream passes by a constricted portion 
may cause the formation of valves through a pull on the immediately 
distal portion. More recently Bremer analyzed the influence of the two 
streams coming to the heart through the venous sinuses and showed 
that the spiraling which occurs may explain a good deal of the torsion 
and septum formation. Spitzer divided the forces of the blood stream 
into the continuous hydraulic component, the pressure of a pulsating 
stream and the effects incident to increasing volume of circulation. 
These forces act even before the onset of pulmonary respiration but are 
greatly strengthened when the latter makes its appearance. At first these 
forces tend to stretch the original cardiac tube in all directions. Widen- 
ing takes place, but since the tube is fixed at both ends, a longitudinal 
pull is exerted through the walls. This pull tends to draw the dividing 


8. See Hochstetter for a discussion of the development of the hearts of various 
vertebrates. 
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partitions between the main cardiac vessels and their proximal branches 
nearer the heart, while the pressure of the two streams on each side 
excites such partitions to growth. In this manner Spitzer explained 
the gradual progression of the pulmonary arteries and veins toward the 
heart and the shortening of the truncus arteriosus through phylogeny, 
Greil also took these forces into consideration and ascribed the essential 
and primary means of the formation of the bulbar septum to this 
centripetal movement of the partitions between the vessels. 

Growth and muscular invasion of the region of the future ventricle 
take place early in development. Contraction of this portion of the heart 
tube forces the blood into the immediately distal segment and distends 
it to form the bulbus. Meanwhile the momentary stagnation during 
systole widens the tube in its proximal portion and forms the atria and 
sinus venosus. The endocardium at the narrow junctions between these 
cavities is thrown into folds by the longitudinal pull associated with the 
widening (“much as a cloth is thrown into folds when a pull is 
exerted”). The continuation of the forces leads next to lengthening of 
the tube as well as to further dilatation, and a loop must form since the 
heart is fixed at both ends. In this manner the hearts of the higher 
fishes are formed. 

With the advent of pulmonary respiration in phylogeny, a very much 
greater volume of blood must pass through the heart. Bending alone 
becomes inadequate to compensate for the lengthening tendency, and 
torsion must take place. The original right bend initiates the torsion to 
the right, and the bulbar elements are thrown into a clockwise spiral. 
Since the heart is fixed at both ends, detorsion must take place and 
a counterclockwise spiral must be present at the opposite or venous end. 

According to Spitzer, this is the most important stage in cardiac 
development. Without it no advance could take place; with faulty 
degrees of torsion the most bizarre anomalies result. The concept of 
torsion recurs repeatedly through Spitzer’s hypothesis, and its impor- 
tance cannot be underestimated. The septum formation must not only 
separate the pulmonary and systemic circuits but also cross the circuits 
so that systemic venous blood enters the pulmonary artery and oxygen- 
ated blood passes out through the aorta. A straight septum could only 
cause the circuits to exist side by side as in cases of complete trans- 
position. Torsion conditions the necessary spiral at the arterial end and 
thus permits the crossing over of the circuits. In order that the 
countertorsion may not undo this effect, the countertorsion must take 
place peripheral to the entrance of the pulmonary veins. Furthermore, 
it is through the torsion that the course of the longitudinal folds, along 
which the blood flows easily, is directed more or less into the current. 
The forces residing in the blood stream may then work on the folds, 
stimulate them to grow and cause them to develop into septums, 
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An examination of the formation of the atria may serve to make this 
clear. Since the pulmonary vein enters the heart central to the vena 
cava, the portions of the heart which form the left and right atria must 
first be placed in tandem formation. The septum primum, as the 
dividing partition between the pulmonary and systemic circuits, is 
directed sagittally across the current. The partition grows and tends to 
shut off the current from the vena cava. This causes pressure and 
marked increase of the right side of the future right atrium. The 
partition is forced to turn with the current and in time reaches the 
middle of the atrioventricular orifice. The folds distal to the septum 
primum are thrown into a counterclockwise spiral because of the counter- 
torsion already mentioned. These folds form the left and right valvulae 





i 13 
A ‘3 B 
Fig. 3.—Development of the atrial region (after Spitzer, 1923 [c]); A, early 
stage; B, later stage. J, indicates an arrow showing counterclockwise torsion of 
the venous end of the heart; 2, the sinus venosus; 3, the right atrium; 4, the folds 
which later form the septum secundum; 5, the septum primum; 6, the crista 
terminalis; 7, the left atrium; 8, the atrioventricular orifice; 9, the ventricle; 
10, the bulboatrial ledge; 11, an arrow showing clockwise torsion of the arterial 
end of the heart; 12, the pulmonary vein; 13, the anlage of the septum ventricu- 
lorum, and 14, the right valvula venosa. 


of the vena cava, and when pressed against the septum they close the 
foramen ovale. According to expectations, all valves and structure 
distal to the pulmonary veins should show counterclockwise torsion. 
“A glance at the Born model ® will demonstrate complete accord with 
this theory” (Spitzer). 

9. The Born model is depicted in Tandler’s “Anatomie des Herzens” (fig. 22, 
p. 30). 
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Spitzer pointed to a number of ontogenetic facts to demonstrate the 
validity of the foregoing description of early cardiac development: the 
original tube form of heart with four outpocketings in tandem formation, 
the right bending and right torsion. of the tube, the right or clockwise 
spiral course of the bulbar septum and the interventricular foramen,” 
the left spiral of the venous valves and the shifting course of the 
septums. He argued that one should not expect to find the entire series 
of postulated events, because of the condensation of the ontogenetic 
recapitulation of phylogenetic events. 

For an explanation of the truncus bulbus region, Spitzer turned to 
comparative anatomy. In reptiles, most definitely seen in crocodiles, 
three great vessels arise from the heart: an aorta arising from the left 
ventricle, an aorta arising from the right ventricle and a pulmonary 
artery arising from the right ventricle anterior to the right-chambered 
aorta, separated from the latter by a ledge, the Muskelleiste of Greil. 
From a comparison of the conditions found in reptiles, birds and man, 
Spitzer postulated a hypothetic original form which is now extinct. 
In the following discussion the truncus bulbus ventricular region will 
be described as though it were a straight tube, but it must be remembered 
that all the swellings actually retain their spiral course. For example, 
distal bulbar swelling I courses from the right posterior side of the 
bulbus at the truncus level to a left anterior position nearer the ventricles. 


Original Form (fig. 4 A).—The septum aorticopulmonale, separating 
distally the anteriorly placed aortas from the pulmonary artery, is postu- 
lated as beginning in the growth of the partition between the fifth and 
sixth aortic arches on both sides. Since the pulmonary artery is rela- 
tively small at this stage in phylogeny, the septum finally meets and 
joins bulbar swelling I and II in the distal bulbar region. These 
swellings hypertrophy and join to form the septum aorticopulmonale in 
the bulbar region. In a similar manner the septum aorticum, which 
separates the two aortas, arises from the partition between the third 
and fourth left aortic arches. Lower down the posterior leaf meets the 
septum aorticopulmonale and is deflected to the right to join distal bulbar 
swelling I. The fusion of distal bulbar swelling I with IV forms the 
remainder of the septum aorticum which encloses the left-chambered 
aorta. 

Spitzer maintained that the formation of two septums in this fashion 
is a mechanical and teleologic necessity. The septum aorticopulmonale 
begins distally because of the separation of the pulmonary arteries from 
the remainder of the truncus. It divides the systemic and pulmonic 
arterial streams. The septum aorticum, on the contrary, develops in 
response to the two streams (of oxygenated and reduced blood) com- 


10. See Keibel and Mall on the course of the interventricular foramen. 
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ing from the atria. It should therefore first appear proximally. The two 
septums do not meet exactly, because of the spiral torsion of the truncus. 
The inertia of the blood causes the blood stream to undergo a slightly 
less spiraled course than the truncus itself. This would cause a relative 
counterclockwise torsion of the septum aorticum and place it at right 
angles to the septum aorticopulmonale. 

Spitzer argued teleologically that the presence of the right ventricular 
aorta is necessary because of the still inadequate development of the 
lungs. The animal must maintain a shunt from the right ventricle to 
the systemic circulation in order to prevent undue pulmonary congestion, 
to utilize the force of the powerful right ventricle in the systemic circuit 
and to decrease the blood flow through the lungs during unfavorable 
metabolic conditions. 

It will be noticed that distal bulbar swellings I, II and IV take 
part in the formation of septums. All four swellings form valves lower 
down in the bulbar region. The position of these valves is shown in 
figure 4. In the lower bulbar region swelling I is continued into proximal 
bulbar swelling a, while swelling IV runs into b. Swellings @ and b 
form part of the septum ventriculorum, while swelling c, the continuation 
of distal bulbar swelling II, deviates laterally into the right ventricle 
to form the Muskelleiste of Greil separating the pulmonary artery from 
the right-chambered aorta. 

Reptilian Form (fig. 4 B).—The increase in lung capacity in these 
animals has resulted in a corresponding increase in the diameter of the 
pulmonary artery. The posterior portion of the septum aortico- 
pulmonale is therefore forced from its original position on distal bulbar 
swelling II to distal bulbar swelling III. At the same time the enlarge- 
ment of the sixth aortic arch encroaches on the fifth arch, and the latter 
atrophies. The remainder of the formations remain approximately as in 
the original form. According to Spitzer, the valvular portions of the 
swellings are not affected by the shifts of the septal parts. The valvular 
portions, lying flat against the vessel walls, are not subject to the forces 
of the changing currents, while the septal portions are easily modified, 
since they extend into the blood stream. In this manner the migration 
of a septum may split a valve in two. Each of the three great vessels 
in reptiles contains two valve leaflets. 

Avian Form (fig. 4 C).—With the marked increase in blood flow 
in this class, the pulmonary artery is greatly distended, and a corre- 
sponding increase in flow to the left ventricle and left-chambered aorta 
takes place. The pulmonary artery and the left aorta increase in size 
and obliterate between them the right-chambered aorta which is no 
longer needed. The divergent leaves of the two septums, fastened 
originally to distal bulbar swellings IIT and IV, are pushed over to 






















445 ARCHIVES OF PATHOLOGY 


distal bulbar swelling III. This causes obliteration of the left fourth 
arterial arch which was formerly the continuation of the right-chambered 
aorta. The single aorta of birds must therefore empty into the right 
fourth arterial arch, as it actually does. In the ventricular region the 
proximal bulbar swellings course as usual, save that swelling ¢ under- 
goes regression since it is not excited to growth by the presence of two 
streams on either side of it. Since proximal swellings @ and b and 























Fig. 4—Diagrammatic representation of the truncus bulbus region according 
to the theory of Spitzer. The truncus is pictured as a straight tube. The upper 
portions are rotated about the lower segments because of the clockwise spiral 
of the truncus—denoted by the heavy arrow. The stage in cardiac development is 
just prior to the division of the truncus into the great vessels. The heart is 
viewed from above and posteriorly. In the cross sections the anterior portions 
are above and the posterior portions are below. 

A, shows the original form; B, the reptilian form; C, the avian form, and 
D, the mammalian form. 

Tr indicates the level of the truncus; Bu, the level of the bulbus; Vt, the level 
of the ventricular base, and Va, the level of the great vessel valves. 

The heavily stippled area is the pulmonary artery; the lightly stippled area, 
the crista supraventricularis. The line shaded area at the level of the truncus 
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distal bulbar swellings I and III have the entire task of separating 
the two blood streams, these will dominate in ontogeny. 

Mammalian Form (fig. 4. D).—The force of the pulmonary circula- 
tion is felt very early in mammalian development. The flow from the 
left ventricle increases so rapidly that both fourth arterial arches must 
remain open for a time to take care of it. The development of the 
septum aorticum in the truncus region is thus delayed while the develop- 











is the septum aorticum; that at the level of Vt, the interventricular septum; that 
in each cross section, the left ventricular aorta. The unshaded areas in the cross 
sections represent the right ventricular aorta. In the cross sections the broken lines 
indicate the septum aorticopulmonale; the straight lines, the septum aorticum. 

3 lt indicates the left third aortic arch; 3 rt, the right third aortic arch; 
4 It, the left fourth aortic arch (obliterated in C); 4 rt, the right fourth aortic 
arch; 5 /t, the left fifth aortic arch (obliterated in C and D); 5 rt, the right fifth 
aortic arch (obliterated in C and D); 6 li, the left sixth aortic arch, and 6 rt, the 
right sixth aortic arch. 

I, II, III, IV indicate the distal bulbar swellings; a, b, c, the proximal bulbar 
swellings; +, the niche of the obliterated right ventricular aorta. 

The broken arrow shows the gradual enlargement of the pulmonary artery 
through phylogeny. 
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ment of the septum aorticopulmonale separating the pulmonary artery 
from the aorta is hastened. For the same reason, in the ventricylar 
region the development of the septum aorticum, which separates the 
arterial from the venous blood, is rapid. Human embryos have a com- 
posite or secondary septum aorticopulmonale constructed of the septum 
aorticum below and the septum aorticopulmonale above. These fuse 
in the midportion of the bulbus. The blood may now take either the left 
or the right fourth arterial arch, utilizing the left because it is thrown 
in that direction by the clockwise spiral of the truncus. 

In the ventricular region proximal swellings a and b form the 
septum ventriculorum, while swelling c is situated in the right ventricle, 
As in the birds, the latter is small. From the foregoing theory, however, 
one would expect to find it posterior to the pulmonary artery and 
anterior to the tricuspid valve, enclosing between it and the valve the 
remnants of the right-chambered aorta. Human hearts show the crista 
supraventricularis and the trabecula septomarginalis (or moderator 
band) in this position with a small niche between the crista and the 
anterior tricuspid leaflet. This niche, according to Spitzer, represents 
the remnant of the right ventricular aorta. 

The theory also explains why each of the three great vessels of 
reptiles possesses two valve cusps, while each of the two vessels of birds 
and mammals has three. In the latter types the valvular portion of 
bulbar swelling III is shared by both vessels, as it is split by the migra- 
tion of the posterior leaf of the septum aorticum. 

Bulboatrial Ledge (fig. 5).—There remains for. consideration 
Spitzer’s hypothesis concerning the fate of the bulboatrial ledge, which 
originally jutted in between the descending and ascending limbs of the 
ventricular loop. In this position it separated the incoming and outgoing 
streams of the ventricles, and its remnants must be in similar relations 
in the adult, between the atrioventricular valves and the great vessels. 
With the growth of the left aorta, the left leaf of the bulboatrial ledge 
is pushed down and back, while the obliteration of the right-chambered 
aorta causes the right leaf to move forward and upward. This results 
in a partial left spiral and places the ledge in a position to complete the 
right spiraled edge of the interventricular foramen. Its course is pic- 
tured in figure 5, and it will be noted that this can explain why the 
septum membranaceum separates the left ventricle from both the right 
atrium and the right ventricle. The left leaf fuses with the aortic 
leaflet of the mitral valve, while the right fuses with the large anterior 
ledge of the tricuspid valve. 

Spitzer brought forth a number of points in proof of his theory: 

1. The niche between the crista supraventricularis and the anterior 
tricuspid leaflet shows the position of the former right-chambered aorta. 
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2. Tandler’s illustration of the early human embryo clearly shows the 
disposition of the three proximal swellings in the ventricular region.™ 

3. Tandler recognizes the homology of the Muskelleiste of the 
reptile with the trabecula septomarginalis of man. 

4. Greil states that the growth of the partitions between the aortic 
arches is the essential bridge for the union of the bulbar swellings. 

5. Langer’s illustrations show the movements of the septal portions 
of bulbar swelling II to bulbar swelling III in embryos of Lacerta. 

6. The migration of the septal portions of the distal bulbar swellings 
of bird embryos is, as pictured by Langer, in accord with the theory. 

7. Langer made the “strange finding” that the septal portion of distal 
bulbar swelling I in reptiles continues as part of IV but in human 
embryos wanders over the distal bulbar swelling III. 


8. Evidence has been adduced from human malformations. 





Fig. 5.—Diagrams illustrating Spitzer’s views concerning the fate of the bulbo- 
atrial ledge (after Brings and Spitzer, 1928). A represents a sagittal section of 
the primitive cardiac loop; B, a cross section of the ventricular loop as viewed 
from above (the auricular structures having been projected onto the same plane), 
and C, the same as B but at a later stage in development. Within these diagrams 
A is the aorta; P, the pulmonary artery; 1, the auricular portion of the cardiac 
loop; 2, the ventricular portion of the cardiac loop; 3, the bulbar portion of the 
cardiac loop; 4, the bulboatrial ledge; 5, the atrioventricular valve; 6, the site of 
the obliterated right ventricular aorta; 7, the crista supraventricularis; 8, the 
mitral valve; 9, the tricuspid valve, and 10, the interventricular septum. 


APPLICATION OF THE PHYLOGENETIC THEORY OF SPITZER 
rO CARDIAC MALFORMATIONS 

Spitzer’s theory of normal cardiac development delegates to the 
torsion of the heart loop as determined by changes in pulmonary circula- 
tion a function of paramount importance in the formation of the septums. 
It is therefore understandable that he should have ascribed cardiac 
anomalies to inadequacy of this stage. Thus, decrease in the amount 
of torsion may lead to incomplete formation of the septums, This 
concept differs widely from that of Rokitansky, of Geipel and of Pern- 


11. See figure 25, page 34, in Tandler’s “Anatomie des Herzens.” 
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kopf and Wirtinger inasmuch as it refers to detorsion of the entire heart 
relative to the normal position and not to insufficient spiraling of an 
isolated segment. Furthermore, the insufficient torsion is but the first 
step of a series of events which lead to the malformation. The heart js 
placed in an earlier phylogenetic position where torsion had not taken 
place to such a great extent. Then the forces of the blood stream, stil] 
working in ontogeny, can bring development to a phylogenetically and 
mechanically determined conclusion. The result will differ from the 
normal. Spitzer inferred that there is no complete departure from 
developmental principles, as is postulated by other theories in the 
deficient spiraling of the truncus septum and the consequent union of 
nonhomologous structures. These principles have been too firmly 
grounded in phylogeny since the onset of lung breathing in the fishes to 
allow so radical a change. The inevitable corollary to these statements 
is that complete homology must be present between all structures in 
malformations and those in the normal heart. Transposition must be 
apparent and not real. In any stage of phylogenetic development the 
septum aorticum separates the right from the left aorta, while the septum 
aorticopulmonale and its continuation (the crista supraventricularis in 
the mammal) separate the pulmonary artery from the aortas. These 
relations cannot change because ontogenetic factors happen to complete 
an earlier stage in phylogenetic development. 

These basic principles are the guide to the various types of trans- 
position as set forth and graded by Spitzer according to the probable 
degree of detorsion which had taken place. 

Type 1. Overriding Aorta (fig. 6).—Slight detorsion (or, actually, 
a smaller than normal degree of torsion) has taken place. Septum 
development is hindered, and those portions farthest removed from the 
forces of the blood streams cannot develop completely. The already 
proximally withdrawn septum aorticum and its immediate ventricular 
prolongations are first involved and disappear. This results in an upper 
interventricular defect and fusion of the two aortas (implying an open- 
ing of the right-chambered aorta). The detorsion also causes the bulbus 
cordis to be rotated in a counterclockwise direction, placing the common 
aorta more to the right, the pumonary artery more to the left, and the 
crista more anterior and at a more acute angle to the septum ventricu- 
lorum. In ontogeny the outflow through the right-chambered aorta is 
increased, while that through the pulmonary artery is decreased. More- 
over, the crista, now dividing the two main streams, is subject to the 
same forces which normally cause the development of the septum ven- 
triculorum. Its potentialities as a septum become evident, and it hyper- 
trophies. The pulmonary artery becomes smaller as a consequence of 
the smaller volume of blood and because it is compressed between the 
hypertrophied crista and the septum ventriculorum. Phylogenetically 
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speaking, the detorsion prevents the complete migration of distal bulbar 
swelling II to III. The valvular portion of swelling III is not split 
and divided between the aorta and the pulmonary artery. Both from 
ontogenetic and phylogenetic factors, therefore, a stenotic and also 
bicuspid condition of the pulmonary artery arises if the detorsion is of 


the proper degree. 


NORMAL ANTERIOR 





4 
~ ia 


POSTERIOR 





TYPE 2 





Fig. 6.—Diagrams to show the various structures of the heart in the normal 
position and in the different types of transposition (after Spitzer, 1923 [c]). 
The structures are projected on the ventricular base, which is viewed from above 
and posteriorly. J indicates the pulmonary artery; 2, the aorta; 3, the mitral valve; 
4, the tricuspid valve; 5, the crista supraventricularis; 6, the anterior portion of 
the interventricular septum; 7, the posterior portion of the interventricular septum; 
8, the site of the obliterated right ventricular aorta; 9, the site of the obliterated 
left ventricular aorta; 10, the anterior tricuspid ledge; 11, the site of the unde- 
veloped true interventricular septum, and 12, the bulboatrial ledge. 


The detorsion is seen also in deficient spiraling of the aorta about 
the pulmonary artery and in the relative clockwise torsion of the aorta 
and pulmonary artery, as determined by the position of the cusps. The 
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coronary-bearing sinuses thus appear in left anterior and left posterior 
position instead of right anterior and left anterior position. 

In summary, the characteristics of this type would be an overriding 
aorta, a hypertrophied crista supraventricularis, an interventricular 
defect, a stenotic and bicuspid pulmonary valve, a diminished spiraling 
of the pulmonary artery about the aorta and a counterclockwise rotation 
of the coronary cusps. These characteristics are illustrated by cases ] 
through 5 of the present series (page 456). An increasing grade of 
detorsion is shown by the fact that in case 1 the aorta is situated mainly 
over the left ventricle and in case 5 mainly over the right ventricle. The 
pulmonary artery is stenotic, being completely atretic in case 5, in which 
the crista supraventricularis has probably fused with the anterior septum 
ventriculorum, thus obliterating the pulmonary conus. 

Type 2. Simple Transpostition of the Aorta.—An increase in the 
amount of detorsion has taken place, as shown by the fact that the pul- 
monary artery is farther to the left. The aorta is placed more to the right, 
the crista is directed more sagittally and the coronary arteries appear 
more counterclockwise in position than in the normal heart. The detor- 
sion removes the left aorta from its connection with the left ventricle, 
The flow through it ceases, and it is obliterated. In contrast, the right 
aorta is placed directly above the right ventricle and reopens. In this 
manner both pulmonary artery and aorta arise from the right ventricle, 
and an apparent transposition of the aorta has taken place. Actually, 
however, the left aorta has closed and the right reopened. No true 
transposition has occurred. The pulmonary valve is still bicuspid and 
stenotic, while the crista is more hypertrophied than in type 1. In some 
cases this hypertrophy has been so great that the crista appears to be 
an accessory septum. As an example there may be cited a case of 
Rokitansky’s (3196) in which a false anterior septum enclosed, with the 
true anterior septum, a third ventricle giving rise to the pulmonary 
artery. This condition is illustrated by case 2 of this series. No examples 
of uncomplicated type 2 transposition are present in the collection at 
the Children’s Hospital. Cases 7, 7a and 7b show mitral atresia and a 
rudimentary state of the left ventricle in addition to a type 2 trans- 
position. 

Type 3. Crossed Transposition.—In this group evidences of greater 
detorsion are present. The aorta and pulmonary artery issue from the 
base in the position indicated in figure 6 and pursue a more or less 
parallel course upward. As in the preceding group the right aorta has 
opened, while the left has closed. Because of the greater detorsion, this 
occurs earlier, and the ventricular prolongation of swelling a is so far 
removed from the two emergent streams that it cannot develop to a 

















HARRIS-FARBER—CARDIAC 





VESSELS 455 
septum. Swelling c is now directly between the aortic and pulmonary 
streams and in consequence undergoes hypertrophy. If, because of the 
detorsion, swelling c reaches a position directly in line with the posterior 
swelling > (in other words, occupies a position comparable to the normal 
position of a), it may develop as a does normally and form a false 
anterior septum. This throws the pulmonary artery into what is appar- 
ently a left ventricle, while the right-chambered aorta remains in the 
right ventricle. A crossed transposition apparently takes place. If, on 
the other hand, the crista is not in line with the posterior portion of the 
septum ventriculorum, neither can develop to a sufficient extent and the 
septum remains rudimentary. A cor biloculare or triloculare univen- 
triculorum, with the aorta to the right of the pulmonary artery, results. 
Since, in this group, the pulmonary artery receives the full current from 
the left ventricle, and since it is not hemmed in between the crista and 
the anterior true septum, it undergoes enlargement and regains the 
tricuspid condition. 

If one examines the position of the bulboatrial ledge, it will be 
noticed that anterior movement of the right-chambered aorta will tend 
to draw the right leaf of the ledge anteriorly, separating it from the 
anterior ledge of the tricuspid to which it had been fused. In the new 
position the ledge may undergo hypertrophy to form a band between 
the aorta and the anterior tricuspid ledge. It is therefore in the position 
of, and may appear to be, the crista supraventricularis. This, argued 
Spitzer, cannot actually be true, since the crista must always lie between 
the pulmonary artery and the right-chambered aorta (in situs solitus). 

Case 6 is an example of a transitional form between types 1 and 3. 
The aorta is almost entirely over the right ventricle, while the pulmonary 
artery, though at first directed toward the right, finally ends in a left 
ventricle. Cases 8 through 11 demonstrate type 3 transposition, Case 
16 shows the combination of type 3 transposition and bulboventricular 
inversion. 

Type 4. Mixed Transposition—With increasing grades of detor- 
sion, the crista may come into line with the posterior tricuspid ledge, 
the anterior tricuspid ledge or the right leaf of the bulboatrial ledge. 
Should a false septum develop in the second case, the tricuspid valve 
will apparently enter the left ventricle (type 4). The large anterior cusp 
of the valve then spans the interventricular septal defect, since the 
anterior tricuspid ledge forms part of the septum. Were a false septum 
to develop from the crista supraventricularis and the bulboatrial ledge, 
the tricuspid valve would be transposed entirely into the left ventricle 
(we shall call this condition type 5) (see page 486). In both type 4 and 
type 5 the right ventricle becomes a pure aortic chamber. Stenosis of 
the aorta results because of insufficient blood flow. If the direction 
of the crista lingers long between the planes of the anterior and posterior 
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tricuspid ledges, both the latter may hypertrophy, encroaching on and 
obliterating the tricuspid valve between them. 

Case 12 is an example of a transitional form between types 2 and 4, 
Two incomplete ventricular septums are present. The first divides the 
heart so as to place the aorta into a right ventricle (type 2), while the 
second demarcates a pure aortic ventricle. Case 13 demonstrates trans- 
position of the tricuspid valve, while cases 14 and 15 show the aortic 
ventricle. In case 17 the transposition is associated with obliteration 
of the tricuspid valve. In addition there is bulboventricular inversion, 


Transposition of the Coronary Arteries—As the detorsion takes 
place and the aorta winds around the pulmonary artery in a counter- 
clockwise direction, the right coronary stem will successively cross 
branches of the left. As it does, these branches may acquire secondary 
union with the right stem and lose their original connection with the 
left. In a similar fashion the branches of the right coronary artery 
may be transposed to the left coronary. The coronary arteries have been 
examined in all the cases of this series. It will be seen that an increasing 
degree of coronary transposition occurs from type 1 to type 4. 


PRESENTATION OF CASES: TYPE 1. OVERRIDING AORTA 


Case 1—Hypertrophy and rotation of entire heart, closed foramen ovale, inter- 
ventricular septal defect, patent ductus arteriosus, hypertrophied crista supra- 
ventricularis, right ventricular preponderance, overriding aorta, stenosis of 
pulmonary artery, bicuspid pulmonary valve, rotation of orifices of coronary 
arteries,12 persistent right aortic arch, complete vascular circle around trachea 
and esophagus. 

A 4 day old girl showed numerous external congenital malformations, irregular 
and feeble respirations, subnormal temperature, cardiac enlargement and cyanosis 
of varying degree from the time of birth. No cardiac murmurs or thrills were 
noted. At autopsy the following additional observations were made: hemorrhagic 
bronchopneumonia, bilateral harelip, cleft palate, horseshoe kidney with hypoplasia 
of the right half and atresia of the right ureter, clubfeet, incomplete rotation of 
the cecum, deformity of the right external ear and hypoplasia of the labia majora 
vulvae. The microscopic structure of the heart was found not remarkable. 

The heart is greatly enlarged and is ovoid. The long axis, through the apex, is 
directed to the left and slightly downward, so that the heart tends to lie in a 
transverse direction. The transverse diameter is 6 cm. in contrast to the trans- 
thoracic diameter of 9 cm. When viewed anteriorly, the pulmonary artery is seen to 
arise from the center of the cardiac base. The aorta arises to the right between the 
pulmonary artery and the markedly enlarged right auricle, which projects forward 
around the right side of the heart. The left atrium cannot be seen anteriorly. The 
anterior interventricular sulcus courses very close to the left margin and ends 
in a small groove to the left of the apex. The posterior sulcus is more obliquely 
placed, running downward and to the left. The right ventricle is approximately 
twice as large as the left. 


12. That is, rotation of the aorta, thus carrying the coronary-bearing aortic 
sinuses into the more counterclockwise position with reference to the normal. 
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The right atrium receives the superior and inferior venae cavae in a normal 
manner. Just below the prominent eustachian valve is the orifice of the coronary 
sinus, guarded posteriorly by a rudimentary valve. The fossa ovalis measures 
1.5 cm. in diameter and is completely closed by a thin membrane which bulges 
into the left atrium. The right atrioventricular valve, measuring 45 mm. in cir- 
cumference, has three cusps, anterolateral, medial and posterior. The cusps show 
a row of irregular transparent nubbins along the free margins. The remainder of 
the leaflets is not remarkable. The anterior papillary muscle is relatively small 
and is inserted into the anterolateral wall of the ventricle on a ridge which con- 
tinues medially to reach the interyentricular septum at the commencement of the 
crista supraventricularis. This ridge is the moderator band (trabecula septo- 
marginalis). The moderately hypertrophied crista supraventricularis arches 
superiorly, laterally and anteriorly across the ventricular base, from the interven- 
tricular septum to the anterolateral ventricular wall near the anterior papillary 
muscle. It encloses a small space between it and the anterior portion of the inter- 
ventricular septum. This space is the lower orifice of the pulmonary conus. To 
the posterior aspect of the crista are attached several chordae tendineae which 
run to the anterior cusp of the tricuspid valve. Between the crista supraven- 
tricularis and the medial cusp of the tricuspid valve is a deep recess which leads 
at its apex to a defect in the interventricular septum. The pulmonary artery is 
narrowed at its origin, measuring 22 mm. in circumference. A well formed bicuspid 
pulmonary valve is present. The cusps are situated in left anterior and in right 
posterior position when viewed in situ. Immediately distal to the valve there is 
a slight dilatation of the pulmonary artery. 

The left atrium is much smaller than the right atrium. It receives two pulmonary 
veins at its right extremity and one at its left. The latter divides shortly into two 
branches. The membrane covering the fossa ovalis bulges into the atrium. The 
auricular appendage is small and narrow. The mitral valve and papillary muscles 
do not show any abnormality. The interventricular septum is thick in its inferior 
portion but becomes narrower above to present a semicircular defect in its upper 
posterior portion. The membranous septum is not present. Above the defect 
is the base of the aorta, which is situated more over the left ventricle than over 
the right. The aortic valve is tricuspid, with its leaflets placed in right posterior, 
anterior and left posterior position. To the right side of the aortic base is attached 
part of the medial leaflet of the tricuspid valve, which thus obscures, with the 
anterior tricuspid leaflet, the opening of the interventricular defect into the right 
ventricle. The left posterior margin of the aortic base continues down to the 
aortic cusp of the mitral valve. 

The coronary arteries arise from the sinuses behind the anterior and left 
posterior aortic cusps. The former corresponds to the right coronary artery and 
courses around the right atrium to terminate in the posterior interventricular branch. 
The latter gives off the anterior interventricular artery and the left circumflex 
branch. 

The further course of the great vessels is of interest. The aorta gives rise 
to the left common carotid artery, which passes up anterior to the pulmonary 
artery. The aorta then passes superiorly and posteriorly to reach the right’ side of 
the trachea. Opposite the trachea the aorta gives rise anteriorly to the right 
common carotid artery and then passes behind the esophagus. The right and left 
subclavian arteries arise from this portion of the aorta. The main pulmonary 
artery courses from the cardiac base to the left of the trachea, where it branches. 
The right pulmonary artery runs between the aorta and the trachea. The left pul- 
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monary artery passes directly to the left lung. At the bifurcation of the pulmonary 
artery there is a large patent ductus arteriosus, which joins the aorta after the 
latter has reached the left side of the esophagus. A complete vascular ring is 
thus formed around the esophagus and trachea. 


Case 2 (fig. 7).—Hyperirophy and rotation of entire heart, closed foramen ovale, 
interventricular septal defect, closed ductus arteriosus, accessory septum in right 
ventricle, right ventricular preponderance, overriding aorta, rudimentary and stenotic 
pulmonary valve. 

A 10 week old boy was well until the sixth week of age, when he began to 
have spells of choking and coughing. Severe dyspnea and convulsions occurred 
shortly before his entry into the hospital. Physical examination revealed: 
expiratory stridor; dyspnea; marked cyanosis; a harsh systolic murmur over the 
precordium, best heard in the tricuspid area; a soft middiastolic murmur in the 
same area; dulness and rales at the bases of the lungs, and mild hepatomegaly, 
Death occurred several hours after admission. At autopsy pulmonary congestion 
was observed. The microscopic structure of the heart was found not remarkable, 

The heart weighs 50 Gm. (normal weight, 23 Gm.).1° It lies transversely 
in the thoracic cavity, with a vertical diameter of 4.5 cm. and a transverse diameter 
of 7 cm. In addition, it is apparently rotated in a 90 degree arc about its long 
axis so that the anterior interventricular groove is at the left border and the 
posterior interventricular groove courses down the right border. The anterior 
surface of the heart is thus comprised entirely of the right ventricle. The septum 
ventriculorum is in a frontal plane. This brings the right atrium in front and a 
little to the left of the left atrium, a part of which is visible at the extreme right 
border of the heart. Both great vessels arise from the posterior portion of the 
cardiac base, the aorta anterior and to the right of the pulmonary artery. The 
right ventricle has a large rounded anterior projection at its upper left portion, 
It measures 3 by 3 cm. in diameter and extends forward 2 cm. The pulmonary 
artery arises from the summit of this projection. 

For easier comprehension, the heart will be described as though it had the normal 
position in the thoracic cavity with the anterior interventricular groove coursing 
near the left border and the septum ventriculorum placed in a sagittal plane. This 
allows the atria and ventricles to be described as right and left as usual instead 
of anterior and posterior as is actually the case. 

The right atrium is not remarkable. The foramen ovale is completely closed. 
The veins and their valves are in their normal position. The right atrioventricular 
valve measures 30 mm. in circumference and contains anterior, medial and posterior 
cusps. The anterior papillary muscle is very large and is inserted into the right 
ventricular wall close to the lower anterior portion of the interventricular septum. 
The posterior muscle is small. The large medial muscle of Lancisi takes origin 
from the interventricular septum. The three papillary muscles are in close 
approximation to one another and thus reduce the posterior, or inflow, portion 
of the right ventricle to a small chamber. The remainder, or outflow portion, of 
the right ventricle is heavily trabeculated and is divided into a larger anterior por- 
tion and a smaller posterior portion by a false septum which corresponds in 
position to the crista supraventricularis (fig. 7). It extends downward at right 
angles to the true interventricular septum. The false septum is 1.5 cm. deep and 
leaves but a small oval opening inferiorly, measuring 5 mm. in diameter, between 
the two portions of the anterior part of the right ventricle. Behind the false 


13. The normal weights are taken from Coppoletta and Wolbach 
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septum and between it and the anterior leaflet of the tricuspid valve is a deep 
niche which leads up to the aorta and a defect in the true septum. In front of 
the false septum is an accessory chamber, measuring approximately 2 by 2 cm., 
which forms the projection noted on the surface of the right ventricle. The 
chamber leads at its summit to the pulmonary artery. The pulmonary valve 
measures 18 mm. in circumference and is represented by a thickened irregular 
band of tissue rather than by definite cusps. The artery gives off its two branches 
in the usual manner. A ductus arteriosus cannot be found. The left atrium, bicuspid 
yalve (measuring 38 mm. in circumference) and papillary muscles are not remark- 
able. The interventricular septum is thick and intact save for an oval-shaped 
defect, 7 by 3 mm., in the upper anterior portion. This defect is surmounted 
by the aorta, which opens, for the most part, into the left ventricle. The interven- 
tricular defect connects the outflow portion of the left ventricle with the small 


ee | 





Fig. 7 (case 2).—View of the heart from the left. Both ventricles have been 
opened. The interventricular septum lies vertically to the plane of the paper. Its 
position is shown by the anterior descending coronary artery. A indicates the 
aorta; P, the pulmonary artery, and C, the markedly hypertrophied crista supra- 
ventricularis separating a small pulmonic ventricle from the remainder of the 
right ventricle. Arrow I passes through the right ventricle into the aorta and 
through the septal defect into the left ventricle. Arrow II passes from the left 
ventricle into the aorta. 


middle, or aortic, chamber of the right ventricle. The aortic valve has three cusps, 
which lie in right, left and posterior position. The right and left sinuses give off 
the usual coronary arteries. The aortic valve measures 30 mm. in circumference. 
The further course of the great vessels is not abnormal. The left ventricular 
muscle measures 5 mm. and the right 4 mm. in thickness. 
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Case 3.—Persistent ostium primum, common. atrioventricular orifice, inter- 
ventricular septal defect, patent ductus arteriosus, overriding aorta, normal pul- 
monary artery, hypertrophy of right ventricle. 

A 2 day old boy showed cyanosis and feeble respirations from the time of birth, 
with rapid development of persistent abdominal distention, vomiting and bleeding 
from mucous membranes. The heart was not enlarged nor were murmurs heard. 
Roentgen examination showed a normal heart shadow. At autopsy the following 
conditions were observed: hemorrhagic necrotizing gastroenterocolitis, hemo- 
thorax, hemopericardium, congenital anomalies of mesentery and duodenum byt 
no intestinal atresia. Microscopic examination of the heart showed only congestion 
and small hemorrhages. 

The heart is not enlarged and is normal in shape. The apex is directed down- 
ward and to the left. The interventricular grooves are normal in position. The 
coronary arteries are unusually prominent. 

The interatrial septum is defective. It is present to a slight extent on the 
superior and posterior walls of the atria. The fossa ovalis and eustachian valve 
are not present. The defect in the atrial septum measures 1 cm. in diameter 
and merges below with a large defect (15 by 6 mm.) in the upper portion of the 
interventricular septum. The right atrium receives the venae cavae and coronary 
vein while the left receives the pulmonary veins in normal position. 

There is only one atrioventricular valve because of the fusion of the posterior 
cusp of the tricuspid with the posterior half of the anterior leaflet of the mitral 
valve and the fusion of the anterior half of the latter cusp with the medial cusp 
of the tricuspid valve. The right ventricle is slightly larger than the left. At 
the left anterior portion of the right ventricle a rather small infundibulum leads 
into the pulmonary artery. The pulmonary valve is tricuspid and measures 22 mm. 
in circumference. Behind the infundibulum a hypertrophied crista supraventricularis 
arches upward, laterally and slightly forward from the upper third of the inter- 
ventricular septum to the right wall of the ventricle. It gives rise to several chordae 
to the anterior and tmedial cusps of the tricuspid valve. Between the crista and 
the anterior tricuspid leaflet is a niche which leads to the anterior portion of the 
interventricular septal defect and to the aortic valve. The left ventricle presents 
a mitral valve which has three cusps because of the splitting of the aortic leaflet. 
Arising from the middle of the cardiac base, between the anterior half of the 
anterior mitral leaflet on the left and the medial and anterior leafiets of the 
tricuspid valve on the right, is the aorta, which overrides the anterior portion 
of the large interventricular defect. It measures 15 mm. in circumference and 
drains both ventricles. The aortic valve is tricuspid, containing anterior left, anterior 
right and posterior leaflets. The sinuses above the two anteriorly placed cusps give 
rise to normal right and left coronary arteries. The aorta decreases slightly in 
caliber until it joins the patent ductus arteriosus, at which point it becomes 
wider. 


Case 4.—Hypertrophy and detorsion of heart, functionally closed foramen 
ovale, interventricular septal defect, patent ductus arteriosus, right ventricular 
preponderance, clockwise rotation of crista supraventricularis, overriding aorta, 
marked stenosis of pulmonary artery, bicuspid pulmonary valve, rotation of coro- 
nary artery orifices. 

A 4 month old girl was well up to seventeen days before death, when she 
began to show irritability, fever, convulsions and signs of a cerebral disturbance 
on the right. Roentgenograms showed slight cardiac enlargement. A soft systolic 
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murmur was heard over the precordium. At autopsy the infant showed, in addition, 
bronchopneumonia, a single lobe of the left lung being involved. The cranial 
yault was not examined. 

The right ventricle of the heart is prominent, making up almost the entire 
anterior surface and approximately one half of the posterior surface of the heart. 
The pulmonary conus is well marked exteriorly and gives rise to a very narrow 
pulmonary artery. The large aorta arises posteriorly and to the right of the 
pulmonary artery. The pulmonary artery arises fom the extreme left upper por- 
tion of the heart. The anterior descending coronary artery is unusually prominent 
as it courses down the ventricle near the left cardiac border. 

The right atrium is large, measuring 20 by 15 mm. The openings of the veins 
and coronary sinus are normally situated. The eustachian valve is prominent, 
and the thebesian valve is fenestrated. The fossa ovalis measures 9 mm. in 
diameter and has a small slitlike aperture anteriorly, which was probably closed 
during life. The tricuspid valve measures 40 mm. in circumference and bears 
three leaflets in normal arrangement. The papillary muscles are of moderate size 
and are situated in their usual positions. The architecture of the anterior, or 
outflow, portion of the right ventricle is complex. The ventricular septum shows 
a defect anteriorly and superiorly, extending from the atrioventricular region 
to the anterior wall and measuring 10 by 4 mm. Directly above this defect is 
the aorta, which is shared equally by both ventricles. The base of the aorta is 
bounded on the right side by the medial tricuspid leaflet and the small papillary 
muscle of Lancisi. The right anterolateral border of the aortic base is defined 
by a hypertrophied ledge which arises from the upper portion of the interven- 
tricular septum anteriorly, arches over the ventricular base just in front of the 
aorta and then runs to the anterolateral ventricular wall to become lost between 
the anterior and posterior papillary muscles of the tricuspid valve. The medial 
portion of this ledge is closely applied to the anterior ventricular wall, leaving 
but a small slitlike aperture, which leads to the pulmonary artery. The ledge, 
therefore, corresponds in position to the normal crista supraventricularis, which, 
by assuming a more anterior course, has almost obliterated the pulmonary conus. 
The pulmonary valve is very narrow, measuring 10 mm. in circumference. It 
contains two thickened cusps, which are situated right anteriorly and left posteriorly. 
The opening between them is a mere slit. Distal to the valve, the artery becomes 
wider and gives off the pulmonary branches, which have the usual course. The 
ductus arteriosus is 1 cm. long and admits a 2 mm. probe. 

The left atrium is not remarkable save for its small size. It measures 20 by 5 
mm. The openings of the pulmonary veins, the mitral valve (measuring 29 mm. in 
circumference) and its papillary muscles are not remarkable. The anterior portion 
of the interventricular septum shows the rounded defect which is overridden by 
the aorta. The aortic valve measures 35 mm. in circumference and bears right 
posterior, anterior and left posterior cusps. In the sinuses behind the latter two 
cusps are the orifices of the coronary arteries. The left posterior cusp has the 
usual close relation to the aortic leaflet of the mitral valve. The right posterior 
cusp seems to run directly into the medial cusp of the tricuspid valve. From the 
junction of the right posterior and anterior cusps of the aorta, a large muscle 
band, measuring 4 mm. in width and 15 mm. in length, runs down to the right 
and forward to pass behind the crista supraventricularis, which is applied to the 
anterior ventricular wall at this point. The band is inserted in front of and to 
the left of the anterior papillary muscle of the tricuspid valve. The right coronary 
artery takes origin from the anterior sinus, while the left arises from the left 
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posterior sinus. The branches are normal. The branches of the aorta are not 
remarkable. The left ventricular myocardium measures 4 to 5 mm. in thickness 

. . - ’ 
while the right measures 5 mm. 


Case 5.—Hypertrophy and detorsion of heart, open foramen ovale, interven- 
tricular septal defect, apparent absence of crista supraventricularis, right ventric. 
ular preponderance, overriding aorta, atresia of pulmonary orifice, rudimentary 
pulmonary artery, counterclockwise rotation of coronary-bearing aortic sinuses, 
angulation of planes of atrial and ventricular septums, patent ductus arteriosus, 

A 6 month old boy showed cyanosis at birth and on exertion thereafter. There 
were daily spells of respiratory difficulty. Cyanosis and crying preceded bowel 
movements. A faint mitral systolic murmur was heard. Death followed shortly 
after an acute nutritional disturbance. Examination before death showed dyspnea, 
cyanosis, tachycardia and cardiac enlargement. A systolic murmur was heard all 
over the precordium, most marked over the sternum. The pulmonic second sound 
was diminished. There were no thrills or diastolic murmurs. Additional observa- 
tions at autopsy were: tracheobronchitis, cerebral congestion and acute gastritis, 
The histologic examination of the heart showed nothing remarkable. 

The heart is very much enlarged. It lies almost transversely, with the apex 
pointing to the left and slightly downward. The anterior interventricular groove 
is situated far to the left, running sagittally down toward the apex. The entire 
heart is turned so that the ventricular septum is placed at a 45 degree angle between 
the sagittal and frontal planes. The interatrial septum is in the sagittal plane, at 
an acute angle to the ventricular septum. The obtuse margin of the heart is very 
short while the acute margin is long and forms the right and inferior borders of 
the organ. At first only one large vessel is seen to arise from the ventricles, 
This comes off slightly to the left of the midline and courses almost directly 
upward. After dissection a small thin vessel is found attached to the left posterior 
side of the larger vessel. It runs down around the left side and in front of the 
larger vessel to be inserted in the right ventricle just to the right of the inter- 
ventricular groove. The larger vessel is the aorta and the smaller is the pulmonary 
artery. The right atrium is large and projects around the lateral side of the aorta. 
Only a small portion of the left auricular appendage is seen anteriorly, The 
entire right side of the heart is much hypertrophied and seems to give rise to 
both vessels. 

The right atrium measures 35 mm. in the transverse and 20 mm. in the vertical 
diameter. The superior and inferior venae cavae and the coronary sinus arise in 
normal positions. The eustachian valve is intact, but the thebesian valve is merely 
a network of fine fibers on the atrial wall posterior to the coronary opening. 
The limbus fossa ovalis is prominent. The fossa ovalis measures 3 cm. in cir- 
cumference. The posterior portion of the fossa is closed by a membrane which 
has a free crescentic anterior border. Between this and the prominent anterior 
margin of the limbus is an oval defect measuring 5 by 4 mm. The right atrio- 
ventricular orifice measures 40 mm. in circumferance and has three cusps in 
essentially normal positions. The papillary muscles are small. The anterior muscle 
is inserted in a mass of trabeculae in the right lateral portion of the ventricle. 
In the anterosuperior portion of the septum in front of the atrioventricular orifices 
is an oval defect, which is surmounted by the aorta. No remnants of a 
crista supraventricularis, moderator band or conus arteriosus in the right ventricle 
can be identified. The ventricle is heavily trabeculated throughout. The inter- 
ventricular septal defect measures 13 by 4 mm. and is situated beneath the left 
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side of the aorta. The base of the aorta is bounded by the right anterolateral 
yentricular wall, the anterior cusp of the tricuspid laterally, the medial cusp laterally 
and posteriorly, and the mitral valve on the left side. Three quarters of the 
aortic base lies over the right ventricle. The aortic valve measures 35 mm. in 
circumference and bears three normal cusps, situated in right lateral, anterior 
and left posterior position. The aorta courses upward and to the left, giving off 
the innominate, left common carotid and left subclavian arteries in that order. At 
the apex of the arch the aorta gives off a small vessel measuring 1 mm. in 
diameter, which courses down its left side. This vessel gives off the left pulmonary 
artery, then the larger right pulmonary artery, which runs behind the aorta. The 
original vessel, now very much narrowed, but with a patent lumen, runs down 
into the ventricular muscle anterior to and to the left of the aorta. In the muscle 
it ends as a blind smooth endothelial-lined pocket to the right of the anterior 
descending coronary artery. Neither valves nor any continuation as a fibrous 
cord into the ventricular cavity can be made out. 

The left atrium measures 15 mm. in transverse and 20 mm. in vertical diameter. 
The openings of the pulmonary veins are normally situated. The patent foramen 
ovale is evident. The left atrioventricular orifice with the bicuspid valve and its 
papillary muscles is not remarkable. It measures 20 mm. in circumference. The 
anterior leaflet bounds the left base of the aorta and is in the usual intimate relation 
to the left aortic cusp. The left ventricle is much less heavily trabeculated than 
the right and measures 30 by 10 mm., in contrast to 30 by 20 mm. for the internal 
measurements of the right ventricle. The left coronary artery arises from the 
left posterior aortic sinus, while the right coronary artery arises from the anterior 
aortic sinus. The left coronary artery passes behind the atretic pulmonary artery 
and emerges on its left side. The thickness of the right and of the left ventricular 
myocardium is 5 mm. 


These 5 cases present a series of type 1 transpositions in which the 
aorta moves from a position over the left ventricle to one over the right. 
Hypertrophy of the right ventricle, subaortic interventricular defects and 
a rotation of the entire heart (so that the usual anterior surface is turned 
to the left side) are also present. All the examples save that in case 3 
show either a rudimentary or a bicuspid condition of the pulmonary 
valve while all except that in case 5 clearly show hypertrophy and coun- 
terclockwise rotation of the crista supraventricularis. In case 2 the crista 
is sufficiently well developed to form an accessory septum, which 
separates a pulmonic ventricle from the remainder of the right chamber. 
The course of the coronary arteries is normal except for the fact that 
the coronary-bearing aortic sinuses are rotated in a counterclockwise 
direction. The condition of the ductus arteriosus and interatrial septum 
varies considerably. A persistent foramen ovale occurs once, while 
patency of the ductus arteriosus is present in 4 cases. In case 4 there is a 
persistent ostium primum accompanied by deformities of the atrioven- 
tricular valves described by Abbott and Kaufmann and by Gunn and 
Dieckmann. A mild degree of aortic coarctation is seen in case 3. Case 
1 shows a complete vascular circle about the trachea and esophagus 
because of the abnormal persistence of the fourth right aortic arch and 
the ductus arteriosus. 
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The relatively slight degree of detorsion postulated by Spitzer as the 
etiologic factor of this type of transposition is verified by the diminished 
amount of spiraling of the great vessels and by the counterclockwise 
rotation of the entire heart, coronary orifices and crista supraven- 
tricularis. Theoretically, the proximal portion of the septum aorticum 
has disappeared, so that the right ventricular aorta has opened and fused 
with the usual left ventricular aorta. The result is an overriding aorta 
and septal defect between the anterior tricuspid ledge and the crista 
supraventricularis in that portion of the septum which is derived from 
the septum aorticum (the posterior portion of the anterior septum of 
Rokitansky). The pulmonary artery is stenotic and bicuspid for the 
reasons already discussed on page 453. The limit of this process is 
reached in the complete obliteration of the pulmonary artery in case 5, 
probably because of the fusion of the crista supraventricularis with the 
anterior portion of the real septum ventriculorum. These two, therefore, 
form a composite anterior interventricular septum in this case. 


TRANSITIONAL FORM BETWEEN TYPE 1 AND TYPE 2 


Case 6.—Torsion of the entire heart, right ventricular hypertrophy, intact 
interatrial septum, interventricular septal defect, patent ductus arteriosus, overriding 
aorta, stenotic pulmonary artery, single coronary artery orifice. 

A 7 month old girl had shown labored respirations, slight cyanosis and poor 
weight gain since birth. Development was slightly retarded. There were occasional 
attacks of edema of the extremities lasting several days each. Markedly increased 
cyanosis and dyspnea occurred during the three days prior to death. Physical 
examination showed malnutrition, poor development, cyanosis, dyspnea, cardiac 
enlargement to the right and to the left, a rough systolic murmur over the pre- 
cordium heard also at the aortic area and transmitted to the back, clubbing of 
nails and cold extremities. The red blood cell count was 6,880,000. At autopsy 
the following additional observations were made: interstitial bronchopneumonia, 
generalized visceral congestion, cerebral edema. Microscopic examination of the 
heart showed moderate congestion and edema. Occasionally muscle fibers stained 
irregularly. 

The heart is moderately enlarged, weighing 50 Gm. (normal weight, 34 Gm.). 
It measures 5 cm. in the vertical diameter, 7.5 cm. in the transverse diameter 
and 7.5 cm. in the oblique diameter. The internal diameter of the thorax is 11 cm. 
The shape of the heart is not abnormal, and the apex points downward and slightly 
to the left. The anterior interventricular groove begins close to the left border 
and runs downward and to the left to reach the obtuse margin 1.5 cm. above the 
apex. The posterior groove also courses down to the left after beginning at the 
middle of the ventricular base. Thus the anterior surface of the heart is made 
up almost entirely of the right ventricle, and the interventricular septum assumes 
a more coronal position than usual. The right atrium is brought forward by 
the twisting of the whole heart and projects to the right of the large aorta, which 
arises midway between the middle of the base and the left border. The very small 
pulmonary artery is not seen anteriorly. It lies beneath the aortic arch, reaching 
the ventricles at the anterior interventricular groove, where it lies behind and to 
the left of the aorta. 
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The right atrium is large, and the trabeculation, in front of the crista terminalis, 
js coarse and hypertrophied. The orifices of the veins and the venous valves are 
normally situated. The fossa ovalis measures 3 by 6 mm. and is functionally 
closed. The right atrioventricular orifice has a circumference of 55 mm. and bears 
anterior, posterior and medial leaflets. The papillary muscles are large and normally 
situated. The aorta arises from the extreme anterior and medial portion of the 
right ventricle. Immediately behind and medial to the aortic base is a moderate- 
sized ledge which arches over the ventricular base from the posterior border of an 
interventricular septal defect to the anterolateral right ventricular wall. This 
ledge separates the aorta from the tricuspid valve, to which it is closely applied. 
The septum ventriculorum presents an oval defect, measuring 7 by 4 mm. in 
diameter, at its anterior upper portion, which is directly beneath the posterior 
half of the left side of the aorta. From the anteroinferior margin of the defect 
a mass of trabeculations, 1.8 cm. wide and 2.5 cm. long, runs down the right side 
of the septum and then turns anterolaterally to reach the anterolateral ventricular 
wall, where it gives rise to the anterior papillary group of muscles. The medial 
papillary muscle arises from the medial portion of the posterior margin of this 
ledge. 

The aortic valve measures 35 mm. in circumference and has right lateral, left 
anterior and left posterior cusps. From the sinus of the latter opens the single 
coronary artery, which immediately branches. The left branch winds behind and 
around the left side of the pulmonary artery to reach the anterior longitudinal 
groove, where it forms the anterior descending branch. The right branch winds 
about the aorta to reach its right side and then courses in the posterior coronary 
sulcus, where it ends as the posterior descending artery. 

The left atrium, the orifices of the pulmonary vein and the left atrioventricular 
valve are not remarkable. The valve is bicuspid, measures 30 mm. in circum- 
ference and is connected to markedly hypertrophied papillary muscles in their 
usual position. The base of the medial leaflet runs up through the defect in the 
interventricular septum to the left posterior cusp of the aorta. The opening of 
the pulmonary artery into the ventricles cannot be seen. On opening the pulmonary 
artery toward the ventricle there is disclosed a valve measuring 15 mm. in circum- 
ference and bearing three small delicate cusps situated posteriorly and anteriorly 
on the right and on the left. For 3 mm. below the valve the pulmonary artery 
courses through muscle toward the left, to end in a pocket which communicates 
through a pin-sized opening with the extreme anterior portion of the left ventricle. 
Thus the pulmonary artery, which at first appears to be directed to the right ven- 
tricle (to the right of the anterior descending coronary artery), courses through the 
musculature to end in the left ventricle. The branches of the great vessels are not 
remarkable. The ductus arteriosus admits a 1 mm. probe. 


This case demonstrates the manner in which the next two types may 
be formed. The aorta now arises almost entirely from the right ven- 
tricle, and the septal defect is unusually small. In accordance with the 
variations shown thus far by the series of cases, one would next expect 
the total emancipation of the aorta from the left ventricle. This implies 
obliteration of the left ventricular aorta and the complete assumption of 
its functions by the reopened right ventricular aorta. The resulting 
simple transposition of the aorta from the left to the right ventricle is 
characteristic of type 2 transposition. 
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In the first series of cases the pulmonary artery has become progres. 
sively narrower because of the more sagittal direction and hypertrophy 
of the crista supraventricularis. The limit of this process was seen jp 
case 5, where the crista and the true anterior septum had fused to a 
composite septum. If, now, the true anterior septum should regress, the 
crista supraventricularis might take over its functions, since it is placed 
in the usual position of the anterior septum and since it has the necessary 
septum-building potentialities, as demonstrated in case 2. 

In case 6 a heavy ledge courses down the right side of the inter- 
ventricular septum between the pulmonary artery and the aorta. Other 
theories cannot account for the presence of this band of trabeculations 
in the conus arteriosus of the right ventricle. According to the theory 
of Spitzer, the crista supraventricularis should occupy this position 
between the great vessels. The anterior interventricular septum in this 
case must therefore be a composite one, made up of the crista to the 
right of, and the true anterior septum to the left of, the markedly stenotic 
pulmonary artery. The partial regression of the left portion is shown 
by the termination of the artery in the left ventricle. Complete regres- 
sion would place the artery entirely in a left ventricle, giving rise to a 
type 3 transposition. An indication of the probability of these deduc- 
tions is present in the position of the anterior descending coronary 
artery, which marks the left border of the composite septum and is situ- 
ated to the left of the pulmonary artery. Moreover, on the right, the 
inferior portion of the septal ledge courses, as the trabecula septo- 
marginalis, to the anterior papillary muscle of the tricuspid valve. 

The muscle band which is situated between the aorta and the anterior 
tricuspid leaflet resembles the normal crista supraventricularis and has 
frequently been assumed to be this. However, it is not homologous to 
the crista. The reasons for this and Spitzer’s explanation of its origin 
from the right portion of the bulboatrial ledge have already been given. 


TYPE 2. SIMPLE TRANSPOSITION OF THE AORTA 


Case 7 (fig. 8).—Marked hypertrophy of right atrium and ventricle, persistent 
ostium primum, atresia of mitral valve, aplasia of left ventricle, normal pulmonary 
artery, atresia of proximal portion of aorta, formation of the coronary arteries and 
aortic arch from ductus arteriosus, marked hypertrophy of crista supraventricularis 
to form accessory pulmonic chamber, abnormal coronary sinus, fetal endocarditis 
of the mitral valve. 

An 8 day old boy appeared normal until twelve hours before death, when he 
began to suffer from labored respirations and severe cyanotic attacks. Physical 
examination showed cyanosis, cold extremities, signs of pneumonia at the bases 
of the lungs and a systolic murmur, best heard at the base of the heart. At autopsy 
the following additional observations were made: terminal bronchopneumonia, 
acute splenitis and visceral congestion. 

Sections through the atretic mitral valve show marked thickening of the endo- 
cardium, The normal course of the fibrous bundles is distorted, and the endocardium 
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is unusually cellular. Numerous collections of lymphocytes, interspersed with 
neurophils and occasional eosinophils, are scattered in the neighborhood of the 
yalve and the adjacent coronary sulcus. Many of these collections are in close 
relation to the blood vessels, which are moderately congested. The tissue of the 
coronary sulcus and the base of the valve are unusually well vascularized. The left 
ventricular endocardium is not remarkable save for thickening. Sections through 
the right and the left ventricular myocardium show only moderate congestion and 
slight edema. 

The heart weighs 32 Gm. (normal weight, 18 Gm.). It is roughly semicircular 
in shape and lies with its long axis to the left. The acute margin is long and 
curved, forming the right lateral, inferior and 5 mm. of the lower left border. 
The short obtuse margin runs down and to the left. The anterior and posterior 
coronary vessels course down very close to the left border, cutting off a small 
segment of the heart; this measures approximately 5 mm. in diameter. Thus, 
externally, the heart seems to consist principally of right ventricle. The upper 





Fig. 8 (case 7).—The ventricular cavity is viewed from below and anteriorly. 
P indicates the pulmonary artery; A, the point of origin of the atretic aorta; 
C, the crista supraventricularis; 7, the tricuspid valve; R, the right atrium, and 
L, the site of the slitlike left ventricle in the cardiac wall. 


anterior portion of the heart is bulged forward to form a prominence which gives 
rise to a large pulmonary artery situated in the center of the cardiac base. The 
aorta cannot be seen. The atria are entirely on the right side of the heart save 
for a small appendage which projects forward to the left of the pulmonary artery. 

The right atrium is a very large chamber, measuring 35 by 25 mm., in contrast 
to 15 by 10 mm. for the left atrium. Its walls are 2 mm. thick and are heavily 
trabeculated. The superior and inferior venae cavae open into the extreme pos- 
terior and left portion of the right atrium, opposite one another. The eustachian 
valve divides into a very small semilunar valve guarding the orifice of the coronary 
sinus and a portion is inserted into the inferior part of the interatrial septum. 
The orifice of the coronary sinus is of pinpoint size. The coronary sinus 
divides immediately into a small coronary sinus proper, a small posterior inter- 
ventricular vein and a much larger right cardiac vein. The last enters the 
atrium through an unguarded 3 mm. orifice at the anterolateral border just 
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beneath the auricular appendage. Apparently the right cardiac vein has taken 
over the function of the coronary sinus and opens independently into the atrium. 
The interatrial septum is present as a crescentic structure on the posterior and 
inferior walls of the atria. It runs obliquely from a left posterior to a right 
anterior position and leaves a large defect anteriorly, measuring 33 mm. in circum. 
ference. The atria are functionally a single cavity. In the posterior remnant of 
the septum, above the insertion of the eustachian valve, is a small oval depressed 
area, measuring 3 mm. in diameter, which is guarded by a slightly raised edge 
anteriorly and inferiorly. In the base of this depression is a pinhead-sized opening 
which leads past a crescentic flap on the left side of the septum to open into 
the left atrium. This area corresponds in position and form to the true fossa 
ovalis. The large interatrial defect is an accessory foramen, probably a persistent 
ostium primum. The right atrioventricular orifice measures 17 mm. in diameter. 
The cusps, of approximately equal size, are situated in anterior, lateral and medial 
position. The anterior and posterior papillary muscles are normal. The medial 
cusp is bound directly by chordae to the left wall of the ventricle. The large 
anterior portion of the right ventricle gives rise to the pulmonary artery at its 
summit. A very heavy ledge, 1 cm. deep, runs from the left anterior wall of 
the ventricle backward, upward and laterally behind the pulmonary orifice and in 
front of the anterior tricuspid leaflet to reach the lateral wall of the ventricle, 
where it is lost in the region of the anterior papillary muscle. From the anterior 
papillary muscle another moderately large ledge runs along the inferior portion 
of the ventricle, opposite the first ledge, to reach the left wall of the ventricle 
close to the origin of the first ledge. The former corresponds in position to the 
crista supraventricularis and the latter to the trabecula septomarginalis. Together 
they form an abortive septum which separates the outflow from the inflow portions 
of the right ventricle. The pulmonary artery measures 10 mm. in diameter at 
the valve, which contains posterior, left and right cusps. The pulmonary artery 
courses straight upward, giving off the right and the left branch, and is then 
continued into a wide ductus arteriosus to form the descending porta. Proximal 
to this junction there is a small vessel which courses down toward the ventricle 
to form the arch of the aorta, which gives off the usual vessels. It is intimately 
connected to the pulmonary artery by fibrous tissue and at the ventricular base 
is located right and posterior to that vessel. Near the heart the small vessel 
bifurcates into two coronary arteries. From the bifurcation a small fibrous cord 
runs into the right ventricular muscle to become lost in the region between the 
crista supraventricularis and the anterior tricuspid leaflet. 

The left atrium is small, measuring 15 by 10 mm. It receives the four pul- 
monary veins at its medioposterior portion. The only outflow from this atrium 
is through the interatrial defect into the right atrium. The left atrioventricular 
orifice is represented by a small dimple in the floor of the left atrium. Beneath 
this dimple, in the left wall of the single ventricle, is a blind endothelium-lined 
space, which measures 1 by 2 mm. in diameter and 5 mm. in length. The portion 
of the left wall of the heart (and right ventricle) which contains this space is 
demarcated from the rest of the ventricular walls by the anterior and posterior 
descending coronary arteries. This small space, therefore, represents a left ventricle 
which has been almost completely obliterated. The only ventricle which is func- 
tioning has the configuration of the normal right ventricle. The niche between 
the crista supraventricularis and the anterior tricuspid leaflets, however, leads not 
to a blind pocket but to a fibrous cord marking the beginning of the atretic aorta. 
The coronary arteries have essentially the normal course and distribution. 
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The heart in case 7 is an example of a cor biatriatum pseudo- 
triloculare resulting from atresia of the mitral valve and almost complete 
disappearance of the left ventricle. The remaining chamber should show 
the various structures of the right ventricle with unusual clarity, and the 
configuration of that chamber should be theoretically explicable as the 
result of the disappearance of ail left ventricular formations, including 
the normal aorta. Actually the heart shows marked hypertrophy of the 
crista supraventricularis and trabecula septomarginalis. These form a 
partial septum behind the pulmonary artery. The conus and pulmonary 
yalve are apparently normal. However, the niche between the crista 
supraventricularis and the anterior tricuspid valve leaflet leads not to 
an empty pocket as in the normal heart but to a fibrous cord which 
marks the origin of the atretic aorta. 

It has formerly been assumed that an early closure of the mitral valve 
would cause the aorta to seek an entrance into the right ventricle because 
of the preaortic deviation of blood. The sequence of events can be partly 
explained by the theory of Rokitansky. A displacement of the ven- 
tricular septum to the left end of the fused atrioventricular cushions 
because of the left ventricular atrophy incident to the mitral atresia 
might prevent the final transfer of the aorta from the right to the left 
ventricle, However, since the theory implies an independence of the 
truncus and ventricular septums, a deviation of the ventricular septum 
alone should not change the position of the truncus septum and cause 
the aorta to assume a position posterior to, and to the right of, the 
pulmonary artery. One would expect to find both trunks arising from 
the right ventricle in normal relation to each other. A similar argument 
is valid even though one postulates an eccentric position of the truncus 
septum as a result of the diminution of blood flow through the aorta. 

The explanation, according to the theory of Spitzer, is so obvious 
as to make the condition appear to be one of nature’s excellent experi- 
ments. The defect in the interatrial septum and the disappearance of 
the left ventricular aorta follow the mitral atresia because of the mechan- 
ical changes in blood flow. The obliterative process in the right ven- 
tricular aorta should cease, since that vessel must remain open to take 
care of the markedly increased blood flow through the right ventricle. 
For the same reason, the pulmonary artery should be wide and the valve 
tricuspid, in contrast to the usual stenotic conditions in type 1 and type 
2 transposition. 

The details of the final structure of the heart would depend on the 
time in development at which the mitral atresia or stenosis occurred. 
If this took place before the obliteration of the right ventricular aorta, 
the result should be a simple transposition of a patent aorta. Atresia 
occurring when the right aorta was almost entirely closed should cause 
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simple transposition of an atretic aorta. This is shown by case 7. Mitral 
atresia arising after this time should result in an atretic or patent aorta 
in normal position." 


'wo examples of mitral atresia combined with simple transposition 
ot a patent aorta were found in the collection at the Children’s Hospital 
These illustrate the first of the four possibilities mentioned, 


CAsE 7 a.—A 9 day old boy showed micrognathia, cleft palate, bilateral megalo- 
ureters and numerous other congenital anomalies. 

The aorta, measuring 22 mm. in circumference at the valve, arises to the right 
of the somewhat larger pulmonary artery. Both great vessels issue from a markedly 
enlarged right ventricle. The interior of the right ventricle shows a crista supra- 
ventricularis in front of the aorta, separating the latter from the pulmonary artery, 
Behind the aorta is the anterior leaf of the tricuspid valve. The right atrium js 
three times as large as the left and communicates with it through a foramen ovale, 
measuring 3 by 7 mm. The left ventricle is a small slitlike space in the wall of 
the heart. It lies directly beneath a small dimple in the floor of the left atrium, 
which represents the atretic mitral valve. The two ventricles communicate through 
a 1 mm. defect opening into the most posterior portion of the right ventricle. 
Proximal to the insertion of the ductus arteriosus there is a marked degree of 
aortic coarctation. 


Case 7 b.—The patient was a 4 day old girl with bilateral choanal atresia. 

The heart is almost an exact duplicate of the preceding example. The positions 
of the vessels and the relative dimensions of the atria and ventricles are similar. 
The foramen ovale measures 1.5 cm. in diameter. Each of the great vessels has a 
circumference of 20 mm. The aorta has the same position between the crista 
supraventricularis and the anterior leaflet of the tricuspid valve. In addition to 
a defect leading from the slitlike left ventricle into the posterior portion of the 
right ventricle, there is another 1 mm. defect which leads into the subaortic region 
on the right. 


In the foregoing discussion it has been assumed that the appearance 
of the mitral anomaly preceded the changes in the aorta. This assump- 
tion is strengthened by an examination of the incidence of the two 
anomalies. It is well known that mitral atresia is very uncommon as 
compared with transposition of the great vessels. If the two anomalies 
were totally unrelated, one would expect the combination to be extremely 


14. Kung reported a case of mitral atresia with an atretic left-chambered aorta 
and criticized Spitzer’s theory on the ground that the right ventricular aorta should 
have reopened. It is interesting to note that Spitzer answered the objection by 
maintaining that only through detorsion, which places the heart in an earlier 
phylogenetic position, can the atavistic right ventricular aorta be reopened. Mitral 
atresia is not necessarily associated with such detorsion. We prefer the explanation 
given in the foregoing text, however, since all the anticipated variations in the 
position of the aorta have been reported. (The cases of Jost, Frankel and 
Monckeberg, and Donnally show the aorta in normal position.) It must be noted 
that the time of obliteration of the right ventricular aorta refers not to actual 
closure of the vessel but to the stage in ontogeny after which detorsion can no 
longer lead to the development of that aorta. 
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rare indeed. Furthermore, if transposition preceded and caused the 
mitral anomaly, a large proportion of cases of transposition should show 
mitral atresia. Neither conclusion is true. On the contrary, it is found 
that i an unusually large proportion of cases mitral atresia is asso- 
ciated with some form of transposition; 8 of 12 cases reviewed by 
Dudzus and 6 of an additional 13 cases recorded in the literature 
definitely showed transposition of the aorta in association with mitral 
atresia.”® The logical assumption is, therefore, that the marked frequency 
of this association is due to a causative role of the mitral atresia. 

In addition, case 7 shows definite fetal endocarditis in the neighbor- 
hood of the mitral valve. Unfortunately, it was impossible, either from 
the microscopic examination or from the history of the pregnancy, to 
determine the age of the inflammatory process. For this reason, no state- 
ment concerning the relation of the endocarditis to the transposition or 
to the mitral atresia can be made, although speculation naturally turns 
to the possibility of mitral endocarditis acting as the first in the chain 
of events leading up to the developmental anomaly of transposition. No 
report of a similar combination of definite nonsyphilitic fetal endecarditis 
and transposition could be found. 


TYPE 3. COMPLETE TRANSPOSITION OF THE GREAT VESSELS 


Case 8.—Hypertrophy of heart, intact interatrial septum, small interventricular 
septal defect, patent ductus arteriosus, complete transposition of great vessels, 
normal pulmonary valve, rotation of coronary-bearing aortic sinuses. 

A 4% month old boy was well until the age of 2 months. He then began to 
have feeding difficulties and failed to gain weight. After that he showed dyspnea, 
cyanosis, cardiac hypertrophy, precordial systolic murmur and mild hepatomegaly. 
At autopsy the following additional observations were made: acute interstitial 
bronchopneumonia, multiple hemorrhages in the right parietal cerebral cortex and 
chronic passive congestion of the viscera. Microscopic examination of the heart 
showed moderate interstitial edema and slight degenerative changes in the subendo- 
cardial myocardium. 

The heart is rounded and is greatly enlarged in all diameters. The apex is 
blunt and points downward and slightly to the left. The posterior interventricular 
groove is well marked, running down and to the left. Three coronary arteries 
descend on the anterior surface of the heart. The main coronary artery passes 
downward and to the left, reaching a point just to the left of the apex; 8 mm. to 


15. In the analysis of cases of mitral atresia it is necessary to include those 
hearts showing bulboventricular inversion and atresia of the right (mitral) atrio- 
ventricular orifice. The cases reported by Hedinger, Gaspar, and Abbott and 
Moffatt fall into this category. Conversely, examples of bulboventricular inversion 
with atresia of the left (tricuspid) atrioventricular valve must be excluded. The 
case of Hu and possibly that of Dudzus show this condition (see also case 17 of 
this series). As pointed out by Ménckeberg, the final determination of the inversion 
in doubtful cases must rest on the character of the atrioventricular bundles, since 
the anterior leaflet of a mitral valve may be split and thus make the valve appear 
tricuspid. 
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the right of this is the middle, almost equally large artery, which runs down 
parallel to the first. The right artery is the smallest. It is 6 mm. to the right 
of the second but extends only three quarters of the way down the surface of the 
ventricles. On opening the heart it is found that the first artery is situated to 
the left of the interventricular septum, that the second is directly over it and 
that the third is slightly to the right of the septum. The aorta arises to the 
right of all three coronary arteries, while the equally large pulmonary artery 
arises from the space between the middle and the left coronary artery, posterior 
and to the left of the aorta. The aorta and the pulmonary artery pursue parallel 
courses directly upward. 

The right atrium and right ventricle are more prominent than usual. The 
foramen ovale is functionally closed but shows a small slitlike opening anteriorly, 
The venous valves are well marked, and the veins enter in their normal positions, 
The right atrioventricular valve is tricuspid. The medial cusp is larger than 
usual, but no medial papillary muscle can be seen. The attachment of the medial 
cusp is directly to the interventricular septum. The other papillary muscles are 
not remarkable. 

The tricuspid valve measures 55 mm. in circumference, and the right ventricular 
wall measures 6 to 7 mm. in thickness. The aorta arises from the extreme left 
anterior and superior portion of the right ventricle. Beginning on the interven- 
tricular septum is a ledge (A) 1® which passes posterior to the aorta and anterior 
to the tricuspid valve to run laterally across the ventricular wall and be inserted 
at the origin of the anterior papillary muscle. Between this and the anterior 
tricuspid leaflet is a niche which leads up to a 3 by 4 mm. defect in the upper 
midportion of the interventricular septum, corresponding in position to the usual 
location of the membranous septum. The aortic valve has three normal cusps— 
right anterior, posterior and left anterior. The sinuses of the latter two bear 
the coronary orifices. From the posterior cusp a poorly defined band of trabecula- 
tions (7) 16 courses vertically down the septum to branch and becomes lost 
in the midportion of the septum. This crosses anterior to the ledge previously 
described. 

The left atrium, pulmonary veins, bicuspid valve and papillary muscles are not 
remarkable. The pulmonary artery arises from the extreme anterior and right 
portion of the left ventricle. It contains normal right posterior, left posterior and 
anterior cusps. The pulmonary valve measures 30 mm. in circumference, in contrast 
to the aortic measurement of 25 mm. Five millimeters below the right posterior 
cusp of the pulmonary valve is the interventricular defect. The medial cusp of 
the mitral valve has the intimate relation to the posterior cusp of the pulmonary 
artery as it normally has with the corresponding cusp of the aorta. A band, 
measuring 2 mm. in width, courses on the left side of the septum from just below 
the interventricular defect, horizontally and slightly downward, to the anterior 
ventricular wall. This demarcates a smooth superior portion of the septum 
from a rougher inferior area. Above the left anterior cusp of the aorta are two 
coronary openings. The one to the right gives rise to the extreme right, or 
third, anterior descending coronary artery, previously described. The latter gives 
off a right circumflex branch which passes in front of the aorta and ends in the 
posterior descending artery. The left orifice in the left anterior aortic sinus 
leads only to the middle of the three anterior descending arteries. The vessel 
from the posterior aortic sinus winds around behind the pulmonary artery to reach 
the coronary sulcus between the pulmonary artery and the left atrium. Here 


16. See discussion, pages 446 and 447. 
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it branches into a left circumflex artery, which passes back to the right in the 
posterior coronary sulcus, and to the largest, left anterior descending artery. The 
branches of the great vessels are not remarkable. The right pulmonary artery 
passes beneath the aorta. It gives off a ductus arteriosus which admits a 1 


mm. probe. 


Case 9.—Cardiac hypertrophy, open foramen ovale, small interventricular septal 
defect, closed ductus arteriosus, complete transposition of great vessels, rotation of 
coronary orifices, partial transposition of coronary arteries. 

An 8 month old boy had cyanotic attacks and failed to gain satisfactorily from 
the time of birth. Physical examination showed dilated veins in the scalp, deep 
ulcers in the buttocks, slight cardiac enlargement, precordial systolic murmur, 
undescended testicles and spastic diplegia. At autopsy the following additional 
conditions were observed: atelectasis and fibrosis of the right lung, chronic broncho- 
pneumonia, multiple pulmonary abscesses, visceral congestion, thrombophlebitis 
of the longitudinal and left sigmoid sinuses and infarction of the right cerebral 
hemisphere. Histologically the heart was found not remarkable. 

The heart is enlarged, measuring 8 cm. in its greatest transverse diameter, in 
contrast to the transthoracic diameter of 12 cm. The anterior interventricular 
groove is closer to the left border of the heart than usual. The posterior groove is 
also nearer the left border, so that the right ventricle appears to be much larger 
than the left. The upper anterior portion of the right ventricle shows a rounded 
prominence from which the aorta arises. It is approximately in the center of the 
cardiac base. The pulmonary artery is posterior to and a little to the left of 
the aorta. Both vessels are of approximately equal size and course straight upward. 

The right atrium is greatly dilated. The veins enter in their usual position, 
but the venous valves are rudimentary. The fossa ovalis is large, measuring 17 
by 20 mm. The anterior wall of the limbus is well marked, but the posterior is 
barely discernible. The fossa is closed posteriorly by a septum which has a free 
crescentric anterior border, leaving a defect in the interatrial septum, measuring 
2 by 14 mm. This space is divided by a small band. The right atrioventricular 
opening is large, measuring 50 mm. in circumference. It bears three cusps of 
almost equal size. The papillary muscles are not remarkable. In the postero- 
superior portion of the muscular interventricular septum is an oval defect, measuring 
6 by 4 mm. This is situated below the medial tricuspid leaflet in the posterior, 
or inflow, portion of the right ventricle. The defect leads into the posterior part 
of the left ventricle at a point. two thirds of the distance from the apex to the 
base. One centimeter above and slightly anterior to the defect is an intact mem- 
branous septum, which is in the usual position. The defect is therefore in the 
posterior septum of Rokitansky. The aorta enters the anterior portion of the right 
ventricle in the region of the prominence noted on the surface. The circumference 
of the valve is 30 mm., and the cusps are situated in posterior, left anterior and 
right anterior positions. The posterior base of the aorta is defined by a moderate- 
sized ledge (A) 16 which begins at the anterior border of the interventricular 
septal defect, arches across the right ventricular base just behind the aorta and 
then runs laterally to reach the anterior papillary muscle. It courses in front of 
the anterior tricuspid leaflet, leaving a shallow niche which leads up to the unde- 
fended space of the septum. Beginning at the medial side of the base of the aorta, 
a heavy band (7) 16 courses down the septum before turning laterally to reach 
the anterior papillary muscle of the tricuspid valve. The band is 10 mm. wide, 
6 mm. deep and 24 mm. long. The posterior portion of this wide ledge gives rise 
to a large medial papillary muscle and to numerous chordae to the anterior and 
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medial tricuspid leaflets. The ledge is massive, and only a small space remains 
between it and the group of papillary muscles through which the blood must pass 
to reach the aorta. 

The left atrium, pulmonary veins, mitral orifice and bicuspid valve are not 
remarkable. The anterior papillary muscle is inserted toward the left lateral wall, 
so that the valve runs more diagonally left and forward than usual. The inter- 
ventricular septal defect may be seen in front of the posterior papillary muscle 
which arises at the angle between the septum and the posterior wall of the ventricle. 
The pulmonary artery takes origin from the anterosuperior portion of the left 
ventricle and is guarded by three valve cusps situated in anterior, right posterior 
and left posterior positions. Below the right posterior cusp is the membranoys 
septum. The anterior and left posterior cusps are in intimate relation to the medial 
cusp of the mitral valve. The branches of the aorta and pulmonary artery are 
not remarkable. The ductus arises from the left pulmonary artery but is not 
patent. One coronary artery arises from the space above the junction of the pos- 
terior and left anterior aortic cusps. It runs forward and to the left between 
the aorta and pulmonary artery. It then turns to the right in the anterior coronary 
sulcus and branches to give small vessels which descend over the anterior right 
ventricular wall and a small right circumflex artery which gradually disappears 
in the coronary sulcus. In the posterior aortic sinus is a very large coronary 
orifice. This coronary artery divides almost immediately into a left supericr 
and a right inferior branch. The former winds around behind the pulmonary 
artery and then passes in front of it to form the anterior descending coronary 
artery. It also gives off the left circumflex artery which supplies the posterior 
portion of the left ventricle. The right inferior branch forms a large right circum- 
flex artery which appears in the coronary sulcus between the aorta and right atrium. 
It supplies the posterior surface of the right ventricle and ends in the posterior 
descending artery. The anterior descending coronary artery is situated just to 
the left of the massive interventricular septum. 


Case 10.—Cardiac enlargement, open foramen ovale, minute interventricular 
septal defect, closed ductus arteriosus, complete transposition of great vessels, 
rotation of coronary artery orifices, partial transposition of coronary arteries and 
mild degree of aortic coarctation. 

A 35 day old boy showed extreme cyanosis at birth and severe attacks of 
cyanosis till death. A faint systolic murmur was first heard at the age of 3 weeks. 
The murmur increased in intensity until death. For two weeks prior to death the 
patient showed peripheral edema, pulmonary congestion and severe cyanosis. The 
autopsy was limited to a gross examination of the heart. 

This heart is very similar to that described in case 8. It is large and rounded, 
with a blunt apex. Two coronary arteries, of moderate size, run down the anterior 
surface of the ventricles close to the left border. The left and larger of these two 
arteries bounds the left side of the interventricular septum, while the smaller, 
right vessel is situated over the right side of the septum. The posterior inter- 
ventricular sulcus and the descending branch of the coronary artery run down 
the middle of the posterior aspect of the heart. The aorta emerges from a 
prominence at the medial superior portion of the anterior aspect of the right 
ventricle. To the left of the aorta and posterior to it is the pulmonary artery. 
Both arteries are small and course directly upward. 

The right atrium is large, measuring 15 by 15 mm. The venae cavae, coronary 
sinus, eustachian valves and thebesian valves are normal. The foramen ovale is 
closed by a membrane, which is latticed in its anterior portion and which affords 
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a small entrance into the left atrium, 8 mm. in diameter. The tricuspid valve 
measures 35 mm. in circumference and bears three cusps in normal positions. The 
aorta arises from the outpocketing of the right ventricle previously noted. This 
pouch and the posterior base of the aorta are demarcated by a ledge (A) *® which 
arises high up on the septum medially and arches across the base of the ventricle 
posterior to the aorta. It then turns laterally to reach the anterior papillary 
muscle of the tricuspid valve. Between this and the anterior tricuspid leaflet, which 
lies directly behind it, is a niche which leads up to a pinpoint opening in the 
ventricular septum. The aortic valve measures 18 mm. in circumference and con- 
tains an anterior, right posterior and left posterior cusp. Above the latter two 
cusps are the coronary orifices. Extending down from the left posterior cusp is a 
trabecular band (7) 1* which courses down the interventricular septum and crosses 
the origin of the ledge previously described. It disappears approximately two 
thirds of the way down the septum. 

The left atrium receives the four pulmonary veins and leads into the ventricle 
through a normal opening guarded by a bicuspid atrioventricular valve, 35 mm. 
in circumference. The pulmonary artery arises from the anterior right portion of 
the left ventricle and is guarded by a tricuspid valve. The cusps are situated 
in posterior, left anterior and right anterior positions. The anterior cusp of the 
mitral valve is separated from the pulmonary artery by a small area of muscle 
on the ventricular base. Below the right side of the pulmonary artery is the 
pinpoint-sized interventricular septal defect. The remainder of the septum is 
smooth and intact. The coronary artery arising from the left posterior aortic 
sinus gives rise to the two anterior descending coronary arteries and to a left 
circumflex branch, all of which course anterior to the pulmonary artery. The 
other main coronary artery arises in the right posterior aortic sinus. It forms 
the right circumflex branch and ends as the posterior descending artery. The 
aorta narrows to a circumference of 14 mm. after it gives off the three main 
branches from the arch but widens to a diameter of 16 mm. distal to the ductus. The 
ductus arteriosus is not patent. 


Case 11.—Marked cardiac hypertrophy, functionally closed foramen ovale, 
intact interventricular septum, patent ductus arteriosus, complete transposition of 
great vessels, rotation of coronary artery orifices and complete transposition of 
the coronary arteries. 

A 4 week old girl had difficulty in feeding, a feeble cry and cyanotic attacks 
from the time of birth. Several hours before death, marked cyanosis, orthopnea and 
dyspnea appeared. Physical examination revealed cyanosis, tachycardia, cardiac 
enlargement to the left, gallop rhythm, mild hepatomegaly and cold extremities. 
No murmurs were heard. 

At autopsy the following additional observations were made: acute interstitial 
bronchopneumonia with areas of atelectasis and emphysema, fatty infiltration 
of the liver and general visceral congestion. Microscopic examination of the heart 
showed marked congestion, mild scattered vacuolation and a coarse granular 
appearance of muscle fibers. The endocardium was found normal. 

The shape of the heart is approximately normal. The measurements are 6.5 
cm. in vertical diameter, 5 cm. in horizontal diameter and 9 cm. from base to 
apex. It lies almost transversely in the thoracic cavity, and the anterior inter- 
ventricular groove runs downward and to the left. The right auricular appendage 
is very prominent at the right superior portion of the heart. 

The right atrium is not remarkable except for hypertrophy. It receives the 
venae cavae and the coronary sinus in normal positions. The interatrial septum 
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is intact. The right atrioventricular orifice measures 42 cm. in circumference 
and bears normal anterior, medial and posterior cusps. The anterior papillary 
muscle is large and bifid. The aorta arises as a large vessel from the left anterior 
portion of the right ventricle. Behind and to the left of this is the equally large 
pulmonary artery, which leaves the left ventricle. Both arteries course directly 
upward. The aortic valve measures 28 mm. in circumference and bears right 
posterior, left posterior and anterior cusps. A moderately heavy muscle ledge 
takes origin from the right side of the interventricular septum and passes upward 
and laterally behind the aorta to reach the right anterior portion of the ventricular 
wall near the insertion of the anterior papillary muscle (4).1° From the anterior 
papillary muscle of the tricuspid valve a muscle band runs down toward the 
apex and then over to the septum to join it two thirds of the way from the apex 
to the base (7).1° It then proceeds upward on the septum to reach the left 
posterior cusp of the aorta. These two ledges form the boundary between the 
anterior or aortic portion of the right ventricle and the posterior or tricuspid 
portion. The interventricular septum is intact and contains a completely closed 
membranous portion in the same position in relation to the pulmonary artery and 
tricuspid valves as it normally has to the latter and the aorta. 

The left atrium is smaller than the right. It receives the four pulmonary 
veins in normal positions and leads into the ventricle past a bicuspid valve, measur- 
ing 35 mm. in circumference. The cusps are normally situated. The pulmonary 
artery arises from the anterior right portion of the ventricle. The valve measures 
30 mm. in circumference and has right, left anterior and left posterior cusps. One 
coronary artery arises in the right posterior aortic sinus and emerges between the 
aorta and the right atrium to form the right circumflex and posterior descending 
arteries. The second coronary artery arises above the left posterior aortic cusp 
and branches in front of the pulmonary artery to form the anterior descending 
artery, the left circumflex and several small branches which course down the 
surface of the left ventricle. The anterior descending artery is situated directly 
over the interventricular septum. The pulmonary artery and the aorta give off the 
usual branches. They are joined by a short patent ductus arteriosus, which has 
a diameter of 4 mm. 


Cases 8, 9, 10 and 11 are examples of type 3 transposition, in which 
the aorta emerges from the right ventricle and the pulmonary artery 
from the left. The greater degree of detorsion postulated for this type 
is evident in the decreased spiraling of the great vessels and the greater 
counterclockwise rotation of the orifices of the coronary arteries. The 
left ventricular aorta has been obliterated, and the right aorta has 
reopened. As a result of the counterclockwise detorsion the crista supra- 
ventricularis has been placed in the usual position of the true anterior 
interventricular septum. The crista thus lies in the same plane as the 
posterior portion of the true anterior interventricular septum. The 
crista has, therefore, hypertrophied to form a false anterior septum. 
The anterior portion of the true septum has disappeared, and the pul- 
monary valve has regained the tricuspid condition. 

These cases show a peculiar ledge which courses down the right side 
of the septum from the base of the aorta. In the description, this ledge 
has been designated by the letter 7. It appears that a clue to its nature 
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is given by case 11. Here the ledge is more clearly defined and is seen 
to run from the anterior papillary muscle of the tricuspid valve to the 
posterior superior portion of the false anterior septum. The latter posi- 
tion theoretically corresponds to the original medial or septal margin of 
the crista supraventricularis in the normal heart. Thus, the ledge actually 
follows the course of the trabecula septomarginalis proper from the 
anterior papillary muscle of the tricuspid valve to the former septal 
origin of the crista supraventricularis. It courses down and completes 
the false septum. The shift to a more sagittal and vertical direction of 
the trabecula would result from the counterclockwise detorsion of the 


heart. 

The ledge marked by the letter A in the text separates the right 
ventricular aorta from the anterior tricuspid leaflet. It is thus in the 
position between the portions of the ventricles derived from the ascend- 
ing and descending primitive loops. According to Spitzer, it is the 
hypertrophied remnant of the bulboatrial ledge. The varying degrees of 
transposition of the coronary arteries will be discussed later. 


TRANSITION BETWEEN TYPES 2 AND 4 


Case 12.—Cardiac hypertrophy, primitive arrangement of chambers and great 
vessels, patent foramen ovale, left ventricular preponderance, interventricular septal 
defect, accessory septwm in right ventricle which demarcates an aortic chamber, 
transposition of great vessels, single coronary artery orifice, stenosis of pulmonary 
artery, fusion of pulmonary valve cusps. 

A 1 year old boy had shown marked cyanosis and attacks of dyspnea since birth. 
Physical examination revealed acute otitis media on the right, marked cardiac 
enlargement and an inconstant systolic murmur along the sternum. For twelve 
hours preceding death, the infant remained markedly cyanotic and dyspneic. At 
autopsy the following additional observations were made: terminal broncho- 
pneumonia, marked pulmonary interstitial emphysema, elongated sigmoid mesentery, 
large Meckel’s diverticulum and general mild visceral congestion. Microscopic 
examination of the heart revealed marked congestion, edema, many pyknotic nuclei, 
vacuolation and degeneration of the muscle fibers. The endocardium was found 
not remarkable. 

The heart weighs 90 Gm. (normal weight for this age, 44 Gm.). It presents 
a transverse diameter of 7 cm. and a vertical diameter of 7 cm., as compared with 
the transthoracic diameter of 14 cm. The heart resembles a primitive cardiac 
loop in a striking manner (fig. 9). The very large aorta, arching upward and 
to the left, begins at the extreme right upper portion of the ventricle, so that 
the right border of the aorta forms a smooth curve with the acute margin of the 
heart. A very small pulmonary artery takes origin to the left of and slightly 
behind the aorta. To the left of both vessels are the auricular appendages. The 
right atrium extends for a distance of 35 mm. along the base. Both auricular 
appendages project forward, side by side, over the base and down the left upper 
portion of the heart for a distance of 25 mm. The left margin of the left auricular 
appendage lies directly over the obtuse margin of the heart. Thus the anterior 
surface presents an oval shape. The left side of the oval is made up of the obtuse 
margin and the upper margins of both auricles. The right side is composed of 
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the acute margin and the right border of the aorta. Posteriorly the same relation- 
ships hold, the aorta, pulmonary artery, right atrium and left atrium comprising 
the base from right to left in that order. The largest of the anterior coronary 
arteries passes downward from the midpoint of the base, which is located in the 
middle of the right atrium. The largest of the posterior coronary arteries arises 
from the midpoint of the base between the atria and descends vertically, 

The right atrium is very large, measuring 30 mm. in transverse diameter and 
45 mm. in sagittal diameter (including the auricular appendage). It receives 
the venae cavae and coronary vein in normal positions and shows a slight con- 
striction in the right lateral wall, corresponding to the position of the aorta. The 
interatrial septum contains a fossa ovalis, measuring 14 by 10 mm., which is 
partially covered posteriorly by a fenestrated membrane. The three large openings 
in this membrane have combined diameters of 3 by 9 mm. The right atrio- 





Fig. 9 (case 12).—Anterior surface of the heart. A indicates the aorta; P, 
the pulmonary artery; RA, the right atrium, and LA, the left atrium. 


ventricular orifice is situated in the floor of the atrium just to the left of and 
slightly behind the great vessels. It measures 60 mm. in circumference and bears 
three cusps. The left atrium is also very large, measuring 23 mm. in transverse 
diameter and 40 mm. in sagittal diameter (including the auricular appendage). It 
shows the foramen ovale and the openings of the four pulmonary veins in the usual 
positions. The left atrioventricular opening is immediately to the left of and 
posterior to the right orifice. It measures 40 mm. in circumference and bears 
normal medioanterior and posterolateral leaflets. The two papillary muscles are 
normally situated opposite each other on the ventricular walls near the left border 
of the heart. 

The ventricle is divided into right and left portions by an incomplete septum, 
measuring 15 mm. in thickness, which runs in the sagittal plane through a point 2 
cm. above the apex on the acute margin of the heart. This position, owing to 
the obliquity of the acute margin, causes the right ventricle to be higher than the 
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left and makes the septum appear more extensive on the left side. The septum 
extends up for a distance of 2.5 cm., leaving a round defect superiorly, measuring 
15 by 15 mm. This opening is in the posterior superior portion of the septum and 
lies medially to the medial cusp of the mitral valve. To the right of the defect 
are the medial and posterior leaflets of the tricuspid valve, while above it is the 
line of fusion of the atrioventricular rings. The left ventricle is very large, measur- 
ing 40 mm. in internal vertical diameter and 20 mm. in transverse diameter. The 
walls are 8 mm. thick and show the fine trabeculation characteristic of the left 
ventricle. The mitral vaive is at the extreme left. No great vessels issue from 
that ventricle (fig. 10). 

The right ventricle is small, measuring 20 by 20 mm. (fig. 11). It occupies 
the upper and right portion of the heart and is very heavily trabeculated. The walls 
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Fig. 10 (case 12).—The heart as viewed from the left. The left ventricle and 
atrium have been opened. A, indicates the aorta; M, the mitral valve; S, the 
true interventricular septum, and D, the interventricular septal defect. The arrow 
proceeds through the defect into the pulmonary artery. 


measure 10 mm. in thickness. The interventricular septum, owing to the obliquity 
of the acute margin, is very much less prominent than it was in the left ventricle, 
being only 10 mm. in height. It shows the defect in the extreme posterior portion 
of the ventricle. The medial tricuspid cusp is fused to the anterior border of 
the defect and is seen as an irregular endocardial thickening. The posterior tricuspid 
leaflet lies to the right of the defect and is partly attached to the anterior inferior 
border by chordae. The large anterior cusp stretches from the junction of the 
anterior ventricular wail and the septum to the right posterior portion of the ven- 
tricular wall. Both great vessels emerge from the right anterior part of the right 
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ventricle. Between the atretic pulmonary artery and the aorta, parallel to the 
anterior tricuspid cusp, is a heavy ledge which takes origin near the anterior 
interventricular septum and courses back and to the right over the ventricular 
base to insert on the posterolateral wall. This ledge measures 1 cm. in height and 
is as prominent as the ventricular septum when viewed from the right side. It 
thus divides the right ventricle into a right, slightly anterior portion, which gives 
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Fig. 11 (case 12).—The heart viewed from the right. The right ventricle and 
aorta have been opened. A indicates the aorta; C, the crista supraventricularis; 
T, the tricuspid valve; S$, the true interventricular septum, and D, the inter- 
ventricular septal defect. 


rise to the aorta, and a left posterior portion, which contains the atretic pulmonary 
artery and the tricuspid valve. To the posterior border of this ledge is attached 
the ring of the anterior tricuspid leaflet. A small conical papillary muscle is 
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inserted to the right of the anteromedial portion of the ledge. Its single heavy 
chorda runs beneath the ledge to insert at the junction of the anterior and posterior 


cusps. 
The aortic valve measures 40 mm. in circumference and shows normally formed 


posterior, right anterior and left anterior cusps. The pulmonary artery measures 
12 mm. at the valve, but the lumen is closed by the fusion of the tips of the left 
anterior, posterior and right cusps. The latter two cusps are entirely fused and 
demarcated only by a ridge in the sinus. The pulmonary artery is attached 
to the left posterior side of the aorta by fibrous tissue. The right branch of the 
pulmonary artery passes beneath the aorta. The ductus arteriosus is small, and 
measures 3 mm. in diameter. The branches of the aortic arch are not remarkable. 

There is only one coronary orifice. This is situated in the posterior sinus of the 
aorta. The vessel divides into anterior and posterior branches. The former 
passes around the aorta to reach the anterior coronary sulcus, where it proceeds 
from right to left. It gives off the right marginal branch and several twigs 
which pass down the anterior surface of the right ventricle. None of these 
resembles the true anterior descending branch. The posterior vessel passes 
behind the pulmonary artery and then goes from right to left in the posterior coro- 
nary sulcus as far as the left border of the heart. It gives off branches which 
supply the posterior surfaces of the atria and ventricles. The largest branch begins 
just to the right of the midposterior surface and courses down to the apex directly 
over the position of the true interventricular septum. Another large branch, given 
off near the left heart border, passes downward to the left and crosses the mid- 
point of the obtuse margin. It supplies the lower left anterior portion of the heart. 


Such a primitive arrangement as was observed in the structures of 
this heart has been noted but rarely. Abbott in 1927 cited the cases of 
Wenner and Birmingham, and Bredt reported 2 cases of his own. 
Diinner and Kettler have described similar cases. Apparently there has 
been but little torsion either of the ascending primitive cardiac loop 
about the descending portion or of the great vessels about one another. 
In consequence the mitral, tricuspid, pulmonary and aortic valves are 
placed in that order from left to right in the ventricular cavity. Kettler 
has given an explanation according to ontogenetic theories which places 
the cause of the malformation in an insufficient torsion of the cardiac 
loop so that the bulbus portion fails to migrate to the left and join 
correctly with the remainder of the heart. The presence of a transposi- 
tion, with an almost complete ioss of the usual spiraling of the great 
vessels, apparently confirmed Kettler’s hypothesis. 

In accord with the theory of Spitzer, this transposition would have 
to be placed as a transitional form between types 2 and 4, The defective 
true interventricular septum, clearly defined by the course of the pos- 
terior coronary artery, lies between the atrioventricular valves to the 
leit of both great vessels. If this had formed the only septum present, 
a simple transposition of the aorta (type 2) would have resulted. How- 
ever, the right ventricle is divided by a semicircular ledge which separates 
the aorta from the pulmonary artery and the tricuspid valve. These 
relations, together with the assumption that a right ventricular aorta is 
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present, suggest that the ledge is derived from the anterior tricuspid 
ledge and the crista supraventricularis, whose normal medial end is now 
directed to the right because of the marked detorsion of the heart. Were 
this ledge to hypertrophy and the rudiment of the true septum to vanish, 
a transposition of the tricuspid valve, in addition to a complete trans- 
position of the great vessels, should result. This will be seen in case 13, 

The difference between Spitzer’s concept of torsion and that of other 
writers is most clearly seen in this case. According to the older explana- 
tions, the lack of torsion resulted simply and directly, in a geometric 
fashion, in both the transposition and the failure of the bulbus to migrate 
to the left of the right atrium. According to Spitzer, the lack of torsion 
conditions a whole series of mechanically and phylogenetically deter- 
mined events by the methods previously described—the closure of the 
left aorta, the reopening of the right aorta, the regression of the true 
interventricular septum, the hypertrophy of a false septum and the 
stenosis of the pulmonary artery. 


TYPE 4. TRANSPOSITION OF THE GREAT VESSELS AND OF THE 
TRICUSPID VALVE 

CAsE 13.—Slight cardiac hypertrophy, defective interatrial septum, interven- 
tricular septal defects, transposition of great vessels and of tricuspid valve, stenosis 
of pulmonary artery, transposition of coronary arteries and rotation of their orifices, 
bacterial endocarditis of pulmonary valve. 

A 15 month old girl showed poor appetite, failure to gain, coldness of the 
extremities and mild cyanosis, intensified by exertion since birth. Development 
was moderately retarded. She was brought to the hospital at the age of 14 months 
because of vomiting, slight abdominal distention and pain. Physical examination 
showed marked cyanosis, irregular respiration, cardiac enlargement (particularly 
of the left ventricle), blowing systolic murmur and thrill in the tricuspid area, 
accentuation of the second pulmonic sound and marked clubbing of the fingers 
and toes. Two weeks before death the child began to have high fever, marked 
abdominal distention, dyspnea and severe cyanosis. Signs of pneumonia appeared 
in both lungs. Blood culture showed hemolytic streptococci. A roentgenogram 
revealed cardiac enlargement, particularly of the left ventricle. The red blood 
cell count was 7,100,000; the hemoglobin, 100 per cent. At autopsy the following 
additional observations were made: bronchopneumonia, visceral infarction, acute 
peritonitis, acute meningitis, abscess of the left lung, congenital maldevelopment 
of the pyramids of the left kidney. Microscopic examination of the heart revealed 
bacterial endocarditis of the pulmonary valve, thickening of the tricuspid valve, foci 
of necrosis and vascular thrombi in the myocardium. It disclosed no evidence 
of inflammatory change in the tricuspid valve. 

The heart is slightly enlarged, and the anterior surface of the ventricles 
presents a trapezoid whose long diameter is directed to the left and only slightly 
downward. This abnormality in shape is caused by an abnormal length of the 
base from the great vessels on the right to the obtuse margin on the left, a short 
vertical acute margin, a long horizontal obtuse margin, which forms the lower 
border of the heart, and, last, a large square-shaped prominence at the extreme 
right, which leads into the aorta. The aorta is situated at the extreme right upper 
portion of the heart. It is very large and proceeds upward and to the left. Posterior 
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and to the left of the aorta is the much smaller pulmonary artery, whose course 
parallels that of the aorta. The extreme right side of the right atrium is obscured 
by the large aorta, but the left portion, making up the right auricular appendage, 
appears anteriorly around the left side of the great vessels. To the left of the 
large right auricle is a much smaller left atrium, whose appendage lies along the left 
side of the right auricular appendage and marks the left border of the base. 
Demarcating the prominence of the right side of the anterior surface of the ventri- 
cles from the remainder is a shallow sulcus. This sulcus does not contain a 
coronary artery. 

The main portion of the right atrium measures approximately 25 mm. in trans- 
verse diameter and 26 mm. in vertical diameter. The auricular appendage measures 
20 mm. in transverse diameter and 15 mm. in vertical diameter. It is sepa- 
rated from the main portion of the atrium by a shallow constriction caused by 
the ascending aorta. The walls of the atrium are hypertrophied and heavily 
trabeculated. The crista terminalis is represented by a heavy ridge in the usual 
position. The opening of the venae cavae and the coronary vein are normally 
situated. The eustachian valve is very low, but the thebesian valve is weil developed. 
The interatrial septum is defective. It contains an oval opening, measuring approxi- 
mately 20 mm. in vertical and 10 mm. in transverse diameter. The upper and 
anterior borders of the defect form a low ridge on the corresponding portions 
of the atrial walls. Posteriorly and inferiorly the margin is crescentic and sharp. 
On the right side of the interatrial septum is a thin membranous crescentic flap 
which arises on the superior portion of the wall of the septum and courses 6 mm. 
behind and parallel to the posterior border of the interatrial defect to end by 
joining with the eustachian valve as it passes in front of the coronary orifice. 
Between the posterior border of the defect and the flap the endocardium is very 
thin, and muscle fibers may be seen through it. The right atrioventricular orifice 
lies at the base of the right atrium with its medial margin adjoining the defective 
portion of the interatrial septum. The valve ring lies at a 45 degree angle, 
so that the lateral portion is below the medial portion. The orifice, therefore, 
is directed downward and to the left. The atrioventricular ring is small, measur- 
ing 12 mm. in diameter. There are no separate cusps. The valve forms a cone 
whose orifice at the apex measures approximately 2 mm. in diameter. The valve 
is thickened, and the opening is placed eccentrically, to the right of the center. 

The left atrium is small. It shows the large defect in the interatrial septum. 
The inferior and superior right pulmonary veins unite to form a large pulmonary 
vein which inserts into the angle between the posterior and septal walls of the 
left atrium. Two left pulmonary veins open into the atrium in their usual posi- 
tions. The left atrioventricular orifice is large, measuring 40 mm. in circumference. 
It is situated at the extreme left and posterior portion of the heart. The valve is 
bicuspid, with the leaflets running obliquely down and to the left. The free edges 
of the valve are slightly thickened and show several fibrous nodules. The papillary 
muscles and chordae are not remarkable. The anterior papillary muscle inserts 
at the left anterior portion of the heart midway between the base and the apex. 
The posterior muscle is situated directly opposite and close to the anterior group. 

The ventricles are separated by a heavy band of muscle tissue, measuring 10 
by 10 mm. in cross section and 15 mm. in length (fig. 12). This band stretches from 
the anterior wall backward and slightly downward in a sagittal plane to reach the 
posterior wall directly opposite. The right ventricle corresponds to the prominence 
seen at the right on the anterior surface of the heart. It is only half as large 
as the left. The lower border of the heavy ledge is concave downward, leaving a 
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5 by 5 mm. defect at the lowermost portion of the ventricles. When viewed from 
the right side, the upper portion of the ledge presents an anterior and a posterior 
concavity separated by a small projection between them. The anterior portion 
bounds the left base of the aorta, which arises from the anterior portion of the 
small right chamber. The posterior concavity lies directly beneath the right lateral 
portion of the tricuspid valve, while the projection between the two concavities 
gives rise to thick chordae and muscular attachments to the base of the midpoint 
of the anterior part of the tricuspid valve. Below the valve, between it and the 
posterior concave upper portion of the septum, is an opening into the left ventricle 
measuring 7 mm. in transverse and 6 mm. in vertical diameter. The main oaks 
tion of the tricuspid valve is situated to the left of this defect, so that the tri- 
cuspid valve is largely transposed into the left ventricle. Only the most lateral 
portion of the tricuspid valve, which is attached to the right portion of the 
atrioventricular ring, remains in the right ventricle. The aorta arises far anteriorly. 
Its valve measures 35 mm. in circumference, and the cusps are situated in left 





Fig. 12 (case 13)—The heart viewed from below and from the left. The 
left ventricle has been opened and its walls retracted. A indicates the aorta; 
T, the tricuspid valve; S, the ventricular septum; LA, the left atrium; P, the 
pulmonary artery, and M, the mitral valve. The arrows proceed through the 
septal defects, into the right ventricle and out of the aorta. 


lateral, anterior and posterior positions. The left and posterior sinuses bear 
the coronary orifices. A smooth muscular ledge fills the space between the left 
cusp of the aorta and the anterior upper concavity of the septum. It is directed 
at right angles to the septum and courses over the right ventricular base from a 
point below the posterior cusp of the aorta to reach the lateral wall of the right 
ventricle. There it turns downward and slightly backward to reach the portion 
of right lateral ventricular wall anterior to the tricuspid valve. The medial edge 
of this ledge: does not quite fill the space between the aorta and the anterior 
upper concavity of the septum but leaves several small pockets down which a 1 
mm. probe may be pushed to enter the left ventricle between trabeculations. The 
left ventricle shows the entrance of the mitral valve far to its left side (fig. 12). 
The pulmonary artery arises from the medial portion just in front of the center 
of the left ventricle. Its right base is bounded by the anterior portion of the 
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interventricular septum, while its left side is bounded by a moderately thick ledge 
which takes origin at the upper anterior part of the septum. The ledge courses 
in front of the pulmonary artery to reach the left side, where it turns posteriorly 
across the base and becomes lost in the angle between the mitral and tricuspid 
valves. The tricuspid valve lies posterior to the pulmonary artery, to which it is 
partially fused, and to the right of the mitral valve, to whose medial cusp it is 
also partly fused. The orifice of the tricuspid valve lies in the left ventricle above 
the large defect in the septum, previously noted. The pulmonary valve is small, 
measuring 18 mm. in circumference. The valve bears right, posterior and left 
anterior cusps. The right and posterior cusps are fused and are demarcated only 
by a small ridge in the common sinus. The vegetations of bacterial endocarditis 
are present on the ventricular surfaces of the leaflets. The vessels arising from 
the aortic arch and pulmonary artery are normal. The ductus arteriosus is not 
patent. The coronary artery from the left aortic sinus emerges in front of the 
pulmonary artery and courses to the left in the coronary sulcus. It gives off several 
small descending branches to supply portions of the aortic prominence, a large 
descending coronary artery which is situated anterior to the ledge which bounds the 
left side of the pulmonary artery in the ventricle. The artery arising from 
the posterior aortic sinus emerges around the right side of the aorta and proceeds 
to the left in the posterior coronary sulcus. It gives off a few small branches 
which supply the right side of the aortic prominence, a large right marginal artery 
and one large branch passing down and to the left parallel and 15 mm. distant 
from the acute margin. The main artery then goes toward the left border of the 
heart, near which it gives off a large descending branch which passes down and to 
the right. This branch occupies a position just to the right of the posterior 
mitral group of papillary muscles. It meets the branch, previously mentioned, 
on the posterior surface of the heart, near the right border of the heart. 


In the discussion of case 12 it was pointed out that regression of 
the true interventricular septum and formation of a false septum from 
the crista supraventricularis and the anterior tricuspid ledge would result 
in transposition of the tricuspid valve into the left ventricle. Case 13 
demonstrates this condition. Only the extreme right lateral portion of 
the tricuspid valve remains in the right ventricle. The aorta arises from 
a small chamber separated by a septum from the pulmonary artery and 
the greater part of the tricuspid valve. The septum therefore corresponds 
to the false septum in the right ventricle in case 12. However, in case 13 
the true interventricular septum has undergone much greater regression. 
The anterior portion is represented only by the ledge to the left of the 
pulmonary artery. The location of the posterior part is marked by the 
position of the descending coronary artery to the right of the mitral 
papillary muscles, but no rudimentary septum can be seen. The 
deformed condition of the tricuspid valve and the absence of chordae 
obscure the details of the structure in that region. Theoretically, the 
anterior cusp of the valve should span the interventricular defect, since 
it is derived from the anterior tricuspid ledge. The separation of the 
most lateral and upper part of the leaflet from the aorta is effected by 
the bundle running behind the aorta to the lateral ventricular wall. This 
may be the bulboatrial ledge. 
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OF PATHOLOGY 
TYPE 5. TRANSPOSITION OF THE GREAT VESSELS WITH 
RUDIMENTARY VENTRICULAR SEPTUM” 

Case 14—Marked cardiac enlargement, functionally intact interatrial septum, 
single functional ventricle, transposition of great vessels, aortic stenosis, trang. 
position of coronary arteries, rotation of coronary orifices. 

A 5% week old boy was slightly cyanotic for a short period after birth, He 
entered the hospital at the age of 5 days for the removal of a teratoma of the 
abdominal wall. The teratoma showed bone, cartilage, voluntary muscle, mucoys 
glands and fibrofatty tissue. The respirations and pulse were unduly rapid 
during convalescence. Physical examination at that time showed generalized 
cyanosis, dyspnea, pulmonary rales, cardiac enlargement, accentuated pulmonic 
second sound and a soft systolic murmur along the right sternal border. Roent- 
gen examination revealed an increase in the size of the heart within two weeks, 
Severe bronchopneumonia preceded death. At autopsy the following. additional 
observations were made: hemorrhagic bronchopneumonia, visceral congestion, 
petechial hemorrhages in the basal ganglions and a large umbilical hernia. 

The heart is much enlarged, weighing 52 Gm. (normal weight for this age, 
18 Gm.). It is rounded and has no definite apex. The transverse diameter is 
6 cm., in contrast to the transthoracic diameter of 10 cm. A small aorta arises 
from a prominence on the anterior right portion of the ventricles. A much 
larger pulmonary artery arises posterior to and slightly to the left of the aorta. 
The heart appears rotated so that the right atrium is placed more anteriorly than 
usual, being slightly anterior to the left atrium. Both atria and their appendages 
are large. The right appendage is situated around the right side of the great vessels. 
The posterior coronary artery descends in a very shallow sulcus from the base 
down and to the left to meet the obtuse margin slightly above the apex. The 
anterior descending coronary artery is 0.5 cm. from the left border, demarcating 
a small segment of the left side of the heart. Seen exteriorly, the right ventricle 
appears to be very much larger than the left. 

The right atrium receives the inferior and superior venae cavae and the coronary 
vein in their normal positions. The thebesian and eustachian valves are well 
developed. The fossa ovalis measures 10 by 13 mm. and is functionally closed by a 
membrane. A small probe, however, may be passed anteriorly to enter the left - 
atrium. The wall of the atrium is 2 mm. thick and is heavily trabeculated. The 
right atrioventricular orifice measures 62 mm. in circumference and bears an 
anterior, posterior and small medial cusp. The anterior papillary muscle is at the 
right lateral border of the heart. On the posterior wall, just behind this, is 
a group of papillary muscles which give rise to chordae to all the cusps. 

The left atrium is large, and its walls are hypertrophied, measuring 2 mm, in 
thickness. The orifices of the pulmonary veins enter in their usual positions. The 
auricular appendage is small, measuring 1 cm. in length. The left atrioventricular 
valve measures 50 mm. in circumference and bears medial and lateral cusps. The 
valve is obliquely situated, running from a right posterior position above to a 
left anterior position below. There is a large anterior papillary muscle on the left 
lateral ventricular wall. A small posterior mitral group of papillary muscles is 
inserted just to the left of the posterior tricuspid papillary muscles. Between 


17. Spitzer (1923) does not include a type 5 transposition. We have added this 
class in which detorsion appears to be at a maximum. The false septum in this 
type demarcates a small chamber anteriorly on the right side which gives origin 
only to the aorta. The case reported by Gerstman is an excellent example. 
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the two posterior groups is a thick trabecular ledge (P.S)1*8 which runs down on 
the posterior ventricular wall from the junction of the fused posterior portions 
of the atrioventricular valves. It is 3 mm. wide, 4 mm. thick and 1 cm. long. 

The interventricular septum is not developed. Two heavy ledges course over 
the base of the common ventricle. The one to the right (D)1* is 15 mm. deep 
and runs from the lower end of the anterior wall just to the right of the midline 
upward and slightly to the right to reach the base, where it turns laterally behind 
the aortic opening to be inserted on the right lateral wall just in front of the 
anterior papillary muscle of the tricuspid valves. It thus demarcates a small 
chamber, i5 mm. deep and 7 mm. in diameter, in the right anterior portion of the 
heart, which corresponds to the prominence noted on the surface. The aorta is 
the only vessel which arises from this chamber. Posterior and to the left of the 
anterior portion of the ledge is the pulmonary orifice, which is thus separated 
from the aorta. On the left side of the pulmonary artery is a smaller ledge 
(AS)*8 which begins in the left anterior wall close to the anterior papillary 
muscle of the mitral valve. It courses up the anterior wall and then over the 
yentricular base to the left of the pulmonary orifice. Posterior to the pulmonary 
artery are the medial and anterior tricuspid leaflets on the right and the anterior 
mitral cusp on the left. The ledge to the left of the pulmonary artery is situated 
opposite the large ridge noted on the posterior ventricular wall between the 
posterior papillary muscles of the mitral and tricuspid valves. 

The aorta is narrow, measuring 21 mm. in circumference at the valve. 
The valve contains three cusps: right posterior, left posterior and anterior. The 
aorta courses upward and to the left, giving off the usual branches from the 
arch. The orifice above the right posterior cusp gives rise to a right circumflex 
artery which emerges between the aorta and right atrium, courses in the posterior 
coronal sulcus and ends in the posterior descending branch after giving off twigs 
which supply the right posterior surface of the ventricle. The other coronary 
artery arises above the left posterior cusp, passes in front of the pulmonary artery 
and divides into an anterior descending and a left circumflex branch which 
proceeds as far as the posterior sulcus. The pulmonary valve measures 28 mm. 
in circumference and bears left anterior, left posterior and right lateral cusps. 
The vessel courses up to the left of the aorta and divides. The right pulmonary 
artery passes beneath the ascending aorta. The ductus arteriosus is represented 
by a short solid ligament. 


Case 15.—Cardiac enlargement, functionally intact interatrial septum, defec- 
tive interventricular septum separating an aortic ventricle, complete transposition 
of great vessels, pulmonary stenosis, transposition of coronary arteries, rotation of 
aortic coronary cusps, abnormal coronary sinus, patent ductus arteriosus, anomalous 
band in right atrium. 

A 4 month old girl, one of twins, had shown frequent spells of crying and 
cyanosis since birth. A peculiar loud cough was noted. Physical examination 
showed emaciation, mild cyanosis after violent coughing spells, cardiac enlargement 
and a loud blowing precordial systolic murmur which obscured the heart sounds. 
A respiratory infection with signs of pneumonia at the bases of both lungs pre- 
ceded death. At autopsy the following additional observations were made: acute 
bronchopneumonia and acute early focal necrosis of liver. 

The heart is markedly enlarged, weighing 45 Gm. (normal weight, 23 Gm.). 
It is approximately oval in shape because of a prominence anteriorly, just to 


18. See discussion, page 489. 
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the right of the midline, which gives rise to a large aorta. The pulmonary artery 
is only slightly smaller and at its origin is situated in the center of the base of 
the heart, posterior and to the left of the aorta. Both auricles are approximately 
equal in size and project forward on either side of the great vessels. A vessel 
which appears to be the anterior descending branch of the coronary artery begins 
to the left of the pulmonary artery and runs down, 5 mm. from the obtuse margin, 
to reach the left border of the heart 5 mm. above the apex. A second large 
anterior coronary vessel runs down and to the left from the right upper border 
of the heart to the acute margin, 1 cm. above the apex. The main posterior descend- 
ing coronary arises from the left third of the base and courses down and to the 
left to reach the obtuse margin 1 cm. above the apex. Thus the main descending 
coronary arteries demarcate a small segment of the left side of the heart. 

The right atrium measures 30 mm. in transverse and 20 mm. in vertical diameter 
and has walls 1 mm. in thickness. The superior and inferior venae cavae have the 
usual positions. The latter is bounded by a well marked eustachian valve. Below 
and to the right is a small imperfect valve which guards a normally situated 
but very small coronary sinus orifice. The main coronary sinus opening is in an 
anomalous position in the angle between the inferior vena cava and the interatrial 
septum. The fossa ovalis measures 7 by 12 mm. and is functionally closed by an 
intact membrane. A small probe may be passed into the left atrium between the 
limbus and the membrane anteriorly. Just lateral to the opening of the superior 
vena cava is a muscular cord, measuring 2 mm. in diameter and 12 mm. in length, 
which traverses the right atrial cavity from the anterior to the posterior superior 
wall. Anteriorly the cord joins the crista terminalis in front of the superior 
vena cava. The right atrioventricular orifice measures 37 mm. in circumference 
and bears a tricuspid valve. 

The left atrium receives the four pulmonary veins in their usual position. The 
left atrioventricular valve is bisucpid and measures 43 mm. in circumference. 

Only one ventricle is present, measuring 31 mm. in transverse and 40 mm. 
in vertical diameter. The walls are 7 to 8 mm. thick. There is no division which 
corresponds to the course of the coronary arteries exteriorly. The tricuspid valve 
enters on the extreme right side of the common ventricle. The large anterior 
leaflet is partially divided into medial and lateral portions. It is connected to a 
group of papillary muscles on the right anterior wall of the ventricle about one- 
half way between the base and the apex. The posterior papillary muscle is situated 
behind and to the right on the right lateral wall. Chordae to the small medial and 
posterior cusps are also given off from the right side of a large group of papillary 
muscles on the posterior wall of the ventricle slightly to the right of the midline. 
The left side of this greatly hypertrophied group forms the posteriar papillary 
muscles of the mitral valve. The bicuspid valve is obliquely situated, running from 
the middle of the posterior wall anteriorly to the left lateral wall of the heart. 
The cusps are well developed. In the angle between the posterior medial portions 
of the atrioventricular valves is the orifice of the pulmonary artery, behind which 
the junction of the medial and medial anterior leaflets of the tricuspid valve is 
fused with the posterior junction of the mitral cusps. In front of the anterior cusp 
of the tricuspid valve, thus in front of and to the right of the pulmonary artery, 
is the base of the aorta, which is bounded by a circle composed of two muscular 
ledges. The medial ledge (—))18 begins at the anterior wall of the ventricle, to 
the right of the pulmonary artery, and courses first to the left of the aorta 
and then posterior to it, where it bends laterally, slightly forward and downward 
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to reach the anterior papillary muscle of the tricuspid valve. The ledge lies 
between the aorta and both the pulmonary artery and the tricuspid valve. It gives 
off several chordae to the junctions of two parts of the anterior tricuspid leaflet 
and is connected to the lateral portion of the valve. The remainder of the circle 
around the base of the aorta is completed by a ridge which runs from the anterior 
papillary muscle of the tricuspid valve upward and to the left across the anterior 
wall of the ventricle to reach the starting point of the previously described ridge. 
A small aortic ventricle, measuring 1 cm. in depth, is thus formed anterior to the 
ledges. The aortic valve is 25 mm. in circumference and bears right anterior, left 
anterior and posterior cusps. Above the left anterior cusp is the opening of a 
coronary vessel which courses to the left in front of the pulmonary artery to 
give off the large anterior descending branch and several small descending branches 
which supply the anterior portion of the ventricle. The anterior descending artery 
corresponds in position to the space between the pulmonary artery and the medial 
cusp of the mitral valve. The other coronary artery opens above the posterior 
aortic cusp. It courses to the right to form a right circumflex artery. This gives 
off the large right marginal branch, previously described, several small branches 
which supply the posterior surface, and the large posterior descending coronary 
artery lying far toward the left border of the heart. The pulmonary artery 
(situated between the tricuspid valve on the right, the aorta right anteriorly and 
the mitral valve on the left) measures 26 mm. in circumference at the valve, which 
is guarded by anterior, right and left lateral cusps. The further course of the 
great vessels is not remarkable. The ductus arteriosus admits a 3 mm. probe. 


With increasing degrees of detorsion, the plane of the crista supra- 
ventricularis would finally pass to the right lateral wall of the right 
ventricle. In this position detorsion is at a maximum, for the heart has 
not undergone any torsion at all. The aorta is then placed directly 
anterior to the pulmonary artery as in the original position in the straight 
cardiac tube. The crista supraventricularis is rotated to such an extent 
that it comes in line with the bulboatrial ledge. Hypertrophy of these 
two structures would result in a septum demarcating an anterior pure 
aortic ventricle from the remainder of the heart. The septum would 
separate anteriorly the aorta from the pulmonary artery (role of the 
crista) and course between the aorta and tricuspid valve posteriorly 
(role of the bulboatrial ledge). Cases 14 and 15 show the ledge, 
marked D, in this position. The aorta arises from a small chamber in 
the anterior portion of the right side of the heart. The remainder of 
the ventricle is a single cavity due to the regression of the true septum 
ventriculorum. Case 14, however, shows the rudiments of the anterior 
and posterior true septum quite clearly in the ledge to the left of the 
pulmonary artery anteriorly (AS) and the muscle band between the 
posterior papillary muscles of the atrioventricular valves posteriorly 
(PS). Moreover, the main descending coronary arteries still mark the 
site of the true septum. Case 15 demonstrates the aortic ventricle more 
clearly. 
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BULBOVENTRICULAR INVERSION COMBINED WITH TRANSPOSITION 


Case 16.—Cardiac enlargement, patent foramen ovale, interventricular Septal 
defect, closed ductus arteriosus, inversion of ventricles combined with complete 
transposition of great vessels, stenosis of pulmonary valve, bacterial endocarditis of 
pulmonary valve and artery, rotation of coronary-bearing aortic sinuses, inversion 
and transposition of coronary arteries. 

A 4% year old girl was well until four weeks before death. At that time 
she had a head cold, accompanied by cough, malaise and fatigue. Physical examina. 
tion showed pallor, an appearance of chronic illness, cardiac enlargement to the left, 
a sharp snapping accentuated second pulmonic sound, a loud harsh systolic murmur 
(best heard in the pulmonic area), splenomegaly, hepatomegaly, purpuric areas 
on the ankles, signs of pneumonia at the base of the right lung and questionably 
clubbed fingers. There was a gradual downhill course with increasing cardiac 
decompensation. Ascites, peripheral edema and hydrothorax appeared. The elec- 
trocardiogram was suggestive of myocardial disease, showing a diphasic T waye 
in lead I and slight slurring of the QRS complex. At autopsy the following 
additional observations were made: terminal hemolytic streptococcus bacteremia, 
vegetative endocarditis caused by a gram-positive diphtheroid bacillus, acute 
mediastinitis, multiple pulmonary infarcts, visceral congestion, healing pulmonary 
tuberculosis in the left lung and peripheral edema. The heart on microscopic 
examination showed occasional areas of fibrosis. There were no other abnormalities 
except for the areas of bacterial endocarditis. 

The heart is enlarged and unusually triangular in appearance, because of a 
prominence at the left upper portion of the anterior surface. The large aorta 
arises from this prominence. The pulmonary artery lies posterior and to the right 
of the aorta. The long axis of the heart is directed downward and to the left. The 
right atrium is large and projects to a great extent around the right side of the 
great vessels. The left atrium lies behind the great vessels. The anterior descend- 
ing coronary artery courses down and to the left from the space between the aorta 
and the pulmonary artery. The posterior descending branch passes down and 
to the left, corresponding in position to the right margin of the interventricular 
septum. Both the aorta and the pulmonary artery course directly upward. 

The right atrium shows the usual venous openings, but the valves of the inferior 
vena cava and coronary vein are rudimentary. The fossa ovalis measures 14 by 10 
mm. and is closed by a membrane except for a 3 by 7 mm. opening anteriorly. 
The right atrioventricular orifice measures 70 mm. in circumference and bears two 
large cusps situated anteromedially and posterolaterally. The free edges show 
numerous verrucous and granular vegetations. Two large papillary muscles are 
present, situated on the anterior and posterior walls of the right ventricle, opposite 
one another. Thus the right atrioventricular orifice has the cusps and papillary 
configuration of a mitral valve. 

The right side of the interventricular septum is smooth. In its upper midportion 
it shows a defect, measuring 12 by 8 mm., which is surrounded by heavy muscle 
tissue save posteriorly, where the medial portions of the atrioventricular valves 
are fused with each other. The pulmonary artery takes origin from the midportion 
of the right ventricle, between the anterior leaf of the right atrioventricular valve 
and the interventricular defect. The pulmonary valve is small (31 mm. in cir- 
cumference) and bears right posterior, left posterior and anterior cusps. The 
left posterior and anterior cusps are fused and are demarcated only by a ridge 
in the common sinus. The right posterior cusp bears the same intimate relation 
to the anterior leaflet of the right atrioventricular valve as the left posterior 
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cusp of the aorta does normally to the aortic leaflet of the mitral valve. The 
pulmonary valve, artery and branches show the coarse vegetations of bacterial 
endocarditis. 

The left atrium is slightly smaller than the right. It receives the four pulmonary 
yeins as usual and shows the small opening of the foramen ovale. At the base 
of the atrium is the left atrioventricular orifice, measuring 54 mm. in circumference. 
This valve bears anterolateral, posterior and medial cusps. The anterior papillary 
muscle is situated at the left anteroinferior portion of the left ventricle and gives 
chordae to the anterior and posterior leaflets. The posterior papillary muscle, 
attached to the posterior and medial leaflets, is directly behind and very close 
to the anterior group. The medial cusp is attached by numerous chordae to the 
inferior aspect of the interventricular defect. The left atrioventricular valve 
and papillary muscles correspond, therefore, to those normally present in the right 
ventricle. In the upper posterior portion of the interventricular septum is the 
defect which opens into the most posterior portion of the right ventricle. The aorta 
arises from the extreme anterior portion of the left ventricle, from the promi- 
nence seen on the anterior surface. The valve measures 51 mm. in circumference 
and has normal-appearing posterior, right anterior and left anterior cusps. A 
heavy ledge, measuring 10 mm. in width and 5 mm. in depth, begins near the 
anterior papillary muscle of the left atrioventricular valve. It courses to the, 
interventricular septum and then passes up the left side of the septum to the junc- 
tion of the posterior and right cusps of the aortic valve. This ledge resembles 
those designated by the letter 7 16 in the previous cases. A smaller ledge courses 
over the base of the left ventricular cavity between the aorta and the anterior 
tricuspid leaflet. It passes medially and posteriorly to form part of the arched 
upper muscular border of the interventricular septal defect. In form and position 
it resembles the ledges previously designated by the letter A (bulboatrial ledge). 

The aorta does not have the usuai intimate relationship to the left atrioventricular 
orifice but is separated from it by a muscular space 1 cm. in width. 

The interior of the right ventricle measures 25 mm. in transverse and 45 mm. 
in vertical diameter, while the left measures 25 by 40 mm. The cavity on the 
left is very heavily and coarsely trabeculated, resembling the usual right ventricu- 
lar structure. The right veniricle has the fine trabeculation in this heart. 

The aorta gives off the usual branches. The ductus arteriosus is represented 
by a ligamentous cord. The coronary orifices are situated above the posterior and 
right anterior cusps. The artery from above the former divides almost at once 
to form a few branches, which pass around anterior to the aorta and supply the 
left ventricle, and a left circumflex branch which goes from left to right in the 
posterior coronary sulcus to end in the posterior descending artery. The coronary 
artery arising above the right anterior cusp gives off a branch which passes around 
the right side of the aorta in front of the pulmonary artery to form the anterior 
descending artery. The artery then continues as the right circumflex and gives 
off a right marginal branch and several smaller vessels, supplying the posterior 
surface of the right ventricle. 


Case 17.—Cardiac enlargement, large patent foramen ovale, widely patent ductus 
arteriosus, inversion of the ventricles combined with transposition of great vessels, 
abnormal septum separating left aortic ventricle, atresia of left atrioventricular 
orifice, anomalous origin of transposed and inverted coronary arteries, coarctation 
of aorta, 

An 11 day old boy had shown failure to nurse properly, choking spells and 
difficulty in breathing since birth. Physical examination showed deep cyanosis, 
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marked dyspnea, marked enlargement of the heart, rough precordial systolic 
murmur heard loudest at the apex and a gallop rhythm. Roentgenograms revealed 
cardiac enlargement and congestive peribronchial mottling. At autopsy the fol. 
lowing additional observations were made: bronchopneumonia, central necrosis 
of the liver, passive congestion of the viscera and visceral hemorrhages, The 
histologic examination of the heart disclosed nothing remarkable. 

The heart weighs 38 Gm. (normal weight, 18 Gm.). The shape is somewhat 
triangular because of a small prominence at the left upper region and the great 
length of the base to the right of the great vessels. The apex points down and 
slightly to the left. The small aorta arises from the extreme left anterior portion 
of the base and the pulmonary artery, equal in size to the aorta, lies behind and 
to the right of it at the origin. The base of the ventricles to the right of both 
vessels is surmounted by a large right atrium. The left atrium, situated behind 
the great vessels, is very small. The anterior interventricular groove begins at the 
base to the right of both aorta and pulmonary artery and traverses down and to 
the left to the apex. The posterior groove passes down from left to right, in con- 
trast to the usual direction, and ends to the right of the apex on the acute margin. 
Both great vessels course directly upward, parallel to each other. 

The right atrium measures 30 by 20 mm. and receives the venae cavae and 

“coronary vein in normal position. The venous valves are well developed. The 
crista terminalis is thick, and the auricular appendage is large, hypertrophied and 
heavily trabeculated. The fossa ovalis measures 10 by 14 mm. and is half closed 
in its posterior and inferior portions by a thin cribriform membrane. This leaves 
a patent foramen ovale, measuring 7 by 10 mm. The right atrioventricular orifice 
measures 35 mm. in circumference and bears only two large leaflets, situated 
anteromedially and posterolaterally. An anterior papillary muscle group is present 
on the right anterior wall of the ventricle, while a posterior group is situated 
opposite but somewhat more to the right on the posterior wall. The right atrio- 
ventricular valve thus has the characteristics of a mitral valve. 

The left atrium measures but 20 by 15 mm. It receives the openings of the 
pulmonary veins in the usual position and shows the patent foramen ovale as 
previously described. A left atrioventricular orifice is lacking, but in the floor 
of the atrium is a small depression corresponding to an atretic valve. 

The ventricles are unequally divided by a small septum which separates the 
small left anterior prominence, noted previously on the anterior surface of the 
heart, from the remainder of the ventricular cavity (fig. 13). The right ventricle 
measures 35 by 25 mm., in contrast to 15 by 10 mm. for the left. The only 
entrance to the small left ventricle is through a defect, measuring 3 mm., in the 
posterosuperior portion of the septum. The upper margin of the defect. is formed 
by a thick band of muscle tissue which separates the left anterior base of the 
pulmonary artery from the aorta. The aorta is the only vessel to arise from the 
left ventricle. Its valve measures 16 mm. in circumference and bears anterior, 
left posterior and right posterior cusps. The right and left posterior cusps are 
fused and are demarcated only by a ridge in the common sinus. The aorta after 
giving rise to the innominate, left common carotid and left subclavian arteries 
in that order narrows rapidly. The circumference just before the entrance of the 
ductus arteriosus is 3 mm. The degree of coarctation is marked, and the ductus 
seems to form the descending aorta. Distal to the ductus arteriosus, the aorta 

measures 15 mm. in circumference. 
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The pulmonary artery arises just to the left of the center of the heart. To the 
right is the medial cusp of the right atrioventricular valve, which is fused to the 
right side of the base of the artery. A heavy ledge, measuring 4 mm. in thick- 
ness and 20 mm. in length, courses down the posterior wall of the ventricle from 
the right posterior base of the pulmonary artery to end just to the left of the 
posterior papillary muscle of the right atrioventricular valve. Superiorly this 
ledge is adjacent to the upper portion of the interventricular septum. Joining the 
left base of the pulmonary artery to the upper portion of the septum is a thin 
narrow membrane which furnishes the base of the depression in the floor of 
the left atrium. It therefore represents the atretic left atrioventricular valve— 
located in the small space between the ledge previously described, the inter- 
yentricular septum and the left posterior base of the pulmonary artery. The pul- 
monary valve measures 20 mm. in circumference and bears posterior, left anterior 
and right anterior cusps. The artery courses directly upward, and the left branch 
passes under the ascending aorta. The ductus arteriosus measures 10 mm. in 
circumference and is the main source of the blood supply to the descending aorta. 


SS 


SHAK 





Fig. 13 (case 17).—The heart viewed from in front. The anterior wall of 
the ventricles has been retracted upward. P indicates the pulmonary artery; 
RA, the right atrium; TV, the site of the atretic left (tricuspid) atrioventricular 
valve; MV, the right (bicuspid) atrioventricular valve; RS, the rudimentary “true” 
interventricular septum; FS, the “false” interventricular septum, and LV, the 
left ventricle. 


The coronary arteries arise from the left posterior and right posterior aortic 
sinuses. The former vessel turns around the left border of the heart and then 
passes from left to right in the posterior coronary sulcus. It gives off few small 
branches to supply the aortic prominence, a large posterior descending coronary 
artery and several small branches which supply the posterior surface of the 
ventricles to the right of the posterior interventricular sulcus. Two vessels open 
into the right posterior aortic sinus. The anterior artery emerges between 
the aorta and the pulmonary artery to form the anterior descending coronary 
artery. The posterior vessel passes in front of the pulmonary artery from left 
to right in the anterior coronary sulcus, then around the right margin of the 
heart to course from right to left in the posterior coronary sulcus. It gives 
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off descending branches to the anterior surface of the right ventricle, a large 
right marginal branch and several vessels which course down the right posterior 
ventricular surface. 


Two examples of corrected transposition (cases 16 and 17) have 
been added to complete the present series. The first shows normal situs 
solitus of the body and the atria. The right ventricle, however, bears 
a bicuspid valve, while the left has the tricuspid valve. F urthermore, 
the left ventricle is heavily trabeculated, while the right has the usual 
fine trabeculation of the normal left ventricle. This suggests an inversion 
of the bulboventricular loop. Nevertheless, a true mirror picture should 
have the aorta in right posterior and the pulmonary artery in left anterior 
position. In case 16 the position of the vessels forms a mirror picture 
not of the normal heart but of a heart in type 3 transposition. The 
corrected transposition in this case therefore must consist of partial 
inversion coupled with a type 3 transposition. The explanations of the 
various ledges and of the position of the coronary arteries are similar 
to those in the usual crossed transposition. It is interesting to note the 
neutralizing effect of the two serious anomalies of partial inversion and 
transposition in regard to cardiac function and viability. Unfortunately, 
the pulmonary artery is still subject to the same stenosis and valvular 
deformities, incident to transposition, which may provide the locus 
minoris resistantiae for bacterial endocarditis. 

The ventricles and great vessels in case 17 form a mirror picture 
of a type which has not as yet been discussed in this presentation. If 
the crista supraventricularis were to come into line with the tricuspid 
valve, one would expect hypertrophy of both anterior and posterior 
tricuspid ledges. A further stage of the process would be obliteration 
of the tricuspid orifice exactly as the pulmonary artery is occasionally 
obliterated between hypertrophied ledges in type 2 transposition, The 
false interventricular septum in this event would demarcate a small 
anterior ventricle which gives rise only to the aorta (as in type 4). The 
rudiment of the true interventricular septum should be present on the 
posterior wall of the ventricle medial to the false septum. 

Case 17 is an example of such a transition between types 3 and 4.” 
It shows the atretic valve in the expected position between the remnant 
of the true interventricular septum, the pulmonary valve and the false 
septum. In addition, however, an inversion of the bulboventricular loop 
has occurred. The bicuspid valve is on the right, while the atretic (prob- 
ably tricuspid) valve is on the left. The aortic ventricle is on the extreme 
left side of the heart instead of on the right (see cases 13, 14 and 15). 
The position of the coronary arteries tends to bear out these deductions 
as to the origin of the anomalies (see the following paragraph). 


19. A similar case in situs colitus is that reported by Smetana and analyzed 
by Spitzer. 
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Fig. 14.—The course of the coronary arteries in the various cases. The heart 
is depicted as though it were sectioned coronally from the apex to the base. The 
anterior surface is above, and the posterior surface is below. The view is from 
above. The striped shaded areas denote the septums present. The stippled areas 
represent the position of the rudimentary portions of the true septums. A represents 
the normal heart; B, case 4; C, case 6; D, case 7; E, case 8; F, case 9; G, case 10; 
H, case 11; I, case 12; J, case 13; K, case 14; L, case 15; M, case 16; N, a 
mirror image of case 16; O, case 17, and P, a mirror image of case 17. 
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CORONARY ARTERIES 


An examination of the coronary arteries in this series reveals two 
interesting facts (fig. 14). As Spitzer has pointed out, an increasing 
transposition of the vessels should be expected as the bulbus, so to 
speak, rotates in a counterclockwise direction. This is demonstrated 
very well by cases 8, 9, 10 and 11, In case 8 the course and origin of 
the vessels are essentially normal. The detorsion of the bulbus, how- 
ever, has increased the path of the anterior descending artery, since the 
latter must pass behind the pulmonary artery. Case 9 shows transposi- 
tion of part of the right circumflex and the posterior descending artery, 
while in case 10 the process has extended to the left circumflex and the 
anterior descending arteries. The latter take origin from the left pos- 
terior aortic sinus, which was originally in the right anterior position, 
In case 11 the process has been completed; all branches of the left 
coronary artery now arise from the original right coronary orifice, 

The relations of the anterior and posterior descending arteries to 
the ventricular septum in these cases give support to Spitzer’s hypoth- 
esis. The anterior descending coronary arteries in cases 8 and 9 are 
situated to the left of the actual interventricular septum. The logical 
conclusion is that it still marks the location of the true anterior septum 
even though that structure has disappeared. In case 6 the coronary 
artery marks the left, or true septal, side of the composite septum 
present. Cases 8 and 10 show a new anterior descending coronary artery 
which has apparently developed in response to the circulatory demands 
of the false septum. Nevertheless the original anterior artery, although 
transposed to the original right aortic sinus in case 10, still marks the 
position of the absent true interventricular septum. Cases 13, 14 and 15 
demonstrate the same condition in regard to the posterior septum which 
is postulated as false in these cases. In the 3 cases, both anterior and 
posterior arteries mark the vanished or rudimentary true interventricular 
septums and not the false septums which demarcate the aortic ventricle. 

It will be noted that the mirror pictures of the coronary vessels in 
cases 16 and 17 closely resemble the actual course of the arteries in the 
similar types of transposition in situs solitus (cases 11 and 14, respec- 
tively). This fact lends support to the belief that transposition of the 
great vessels and of coronary arteries in these cases has the same 
pathogenesis as that in situs solitus and that the condition of partial 
inversion does not affect this mechanism. 


FINAL COMMENT 


Spitzer’s main contribution is a theory of normal cardiac develop- 
ment. The fundamental postulate of that theory is the orderly develop- 
ment of the organ, as a unit, in response to the varying conditions, 
forces and demands in a series rising from fishes to birds and. mammals. 
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It admits of no fortuitous variations which disregard the phylogenetic 
interrelations of these groups. Furthermore, the theory is capable of 
explaining on mechanical grounds some of the short cuts in the onto- 
genetic recapitulation of these events. For these reasons Spitzer’s theory 
is unique and assumes importance even though the secondary application 
to teratology may not invariably meet with success. 

Criticisms have been leveled, for the most part, not at the theory of 
normal cardiac development but at its application to cardiac malforma- 
tions. Teratology, however, is only one of the many modes of attack. 
But few facts of cardiac embryology or phylogeny which are capable 
of testing the theory have been advanced. Pernkopf and Wirtinger, 
as has been mentioned, advanced an entirely different view of cardiac 
development. They stated, in contrast to Spitzer’s theory, that the 
septum arises as a spiraled structure, that dynamic and phylogenetic 
factors are of no importance in the “crossing over” of the pulmonic 
and systemic circuits, that the cardiac tube is fixed at the openings of 
the pulmonary veins and not peripheral to them and that the crista supra- 
ventricularis arises from the leaf of the bulboatrial ledge on that side 
which contains the ventral great vessel. They cannot find evidence of 
a reptilian stage in human development or of any homology between the 
reptilian right aorta and the niche designated by Spitzer in human hearts. 
On the other hand, Fuchs, in a study of the development of the heart 
of Vanellus cristatus, was able to support Spitzer’s views concerning 
the formation of the ventricles, the importance of the proximal bulbar 
swellings a and b in the formation of the ventricular septum, the migra- 
tion of the aorticopulmonary septum from bulbar swelling II to III, the 
derivation of the crista supraventricularis from the aorticopulmonary 
septum and the homology of the trabecula septomarginalis to the 
Muskelleiste of Greil. 

The greatest amount of criticism has been directed against the com- 
plexity and apparent improbability of Spitzer’s explanations of the mal- 
formations. For example, in type 3 transposition, the entire architecture 
of the heart may appear normal except for the interchanging of the 
aorta and the pulmonary artery. Sato and Kung even demonstrated a 
normal course of the atrioventricular bundles in this type of case. One 
hesitates to accept the opinion that the ventricular septum is any other 
than the normal one, or that the right leaf of a long-vanished bulbo- 
atrial ledge forms an apparently normal crista supraventricularis for 
the aorta in the right ventricle. The changes postulated by Spitzer seem 
too radical ever to construct a cardiac architecture which conforms to 
the normal so closely as it does in this type of case. Yet it is possible, 
as has been attempted in this presentation, to arrange anomalous hearts 
in a logical series leading up to the type in question and to explain both 
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the individual cases and the transitions in accord with theoretic expecta- 
tions. Furthermore, Spitzer showed in 1920 that a structure may appear 
in the position of the normal crista supraventricularis which must be 
derived from some other anlage, probably the bulboatrial ledge. 

It has been stated that the relatively normal course of the atrio- 
ventricular bundles in the ordinary type of transposition is proof against 
the presence of a false interventricular septum. However, Since all 
types of transposition except types 4 and 5 have normal posterior 
septums, the positions of the atrioventricular node and crus commune 
should not be disturbed. Furthermore, the right bundle normally fol- 
lows the septal course of the crista supraventricularis down the true 
septum.”® This position should be disturbed but little when the crista 
takes over the function of the true anterior septum. Normal variations 
in the terminal branches are so great as to vitiate any conclusions from 
their course in abnormal hearts. In types 4 and 5 the atrioventricular 
bundles should show an abnormal course. No studies of this type have 
been reported. 

Another objection is that no case has yet been reported in which 
two definite aortas were present. Even though this type would be very 
rare on theoretic grounds, it would be necessary to have one in order to 
complete the series of cases. 

More serious criticisms concern Spitzer’s assumption that the heart 
must develop as a whole. Thus the atrial portion of the heart may be 
approximately normal in cases of transposition in which the postulated 
detorsion should affect the venous as well as the arterial ends of the 
primitive loop. The great frequency of interatrial defects, however, 
tends to bear out the theory. In other cases it may be that the detorsion 
is taken up by a change in the angle between the ventricles and atria 
as shown by the angle between the planes of the interatrial and ven- 
tricular septums in case 5. 

It is impossible to meet the objection that the heart cannot develop 
as a whole since isolated inversions of the bulboventricular loop with a 
counterclockwise spiral at the arterial end may be associated with another 
counterclockwise spiral at the venous end of the primitive loop. In 
the present state of knowledge, however, it is equally impossible to 
conceive of the pathogenesis of any partial inversion. Any attempt to 
do so on the basis of tendencies inherent in the germ plasm is confronted 
with the experiments of Stohr, previously mentioned.** Any explana- 


20. Walmsley, in Quain’s “Elements of Anatomy,” p. 81. See bibliography, 
under “General References.” 





21. Theories of normal cardiac development which are based solely on an 
inherent spiraling of the septums have to meet a similar objection (e.g. the theory 
of Pernkopf and Wirtinger). 
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tion on the only other ground of environmental forces, such as those 
of the blood stream, has to face the problem of how these factors can 
exert opposing mirror picture effects on adjacent, functionally inter- 


dependent portions of a complex organ such as the heart. 


SUMMARY 

In a review of the hypotheses concerning the pathogenesis of trans- 
position of the great cardiac vessels, particular attention has been paid 
to the theories of Rokitansky and of Spitzer, since they represent the 
ontogenetic and phylogenetic aspects of this malformation. An attempt 
has been made to present in detail the essence of the theory of Spitzer 
as gathered from a study of all pertinent literature. Nineteen examples 
of transposition from the Infants’ Hospital and the Children’s Hospital 
collection have been analyzed in illustration of that theory. This series 
included examples of overriding aorta, complete transposition of the 
great vessels, transposition of the tricuspid valve, bulboventricular inver- 
sion, atresia of the tricuspid orifice and cor biatriatum pseudotriloculare 
with mitral atresia. One case showed a very rare primitive arrangement 
of the chambers of the heart, while another showed the combination of 
fetal endocarditis and aortic transposition. Incidental malformations of 
the heart included various deformities of the interatrial and interven- 
tricular septums, valvular abnormalities, aortic coarctation and a com- 
plete vascular circle around the trachea and esophagus. 

In each case, particular attention was paid to the course of the main 
coronary arteries. Inversions, corrected transposition and the relation 
of mitral atresia to transposition were briefly examined. 

It may be concluded that the theory of Spitzer marks an important 
advance in the understanding of cardiac development and certain cardiac 
malformations. Although many data, accumulated from embryology, 
phylogeny and teratology, tend to support the theory, further proof 
will be necessary before it can be accepted completely. 


This paper represents a companion study to a series of reports to be published 
elsewhere by Dr. Paul Emerson and Dr. Hyman Green, who, with Dr. Kenneth 
D. Blackfan, have stimulated the study of congenital heart disease for the past 
twenty years at the Children’s Hospital in Boston. 


BIBLIOGRAPHY 
General References. 


Abbott, M. E., in Osler, W.: Modern Medicine, edited by T. McCrae, Philadelphia, 
Lea & Febiger, 1927, vol. 4, p. 720; in Nelson Loose-Leaf Living Medicine, 
New York, Thomas Nelson & Sons, 1926, vol. 4, p. 207; Atlas of Congenital 
Cardiac Disease, New York, American Heart Association, 1936. 

—a nd Kaufmann, J.: J. Path. & Bact. 14:525, 1910. 

——and Shanly, E.: Internat. A. M. Museums Bull., 1922, p. 188. 

Assmus, C.: Deutsches Arch. f. klin. Med. 20:216, 1877. 





















































































500 ARCHIVES OF PATHOLOGY 


Beneke, R.: Beitr. z. path. Anat. u. z. allg. Path. 67:1, 1920. 

Born, G.: Arch. f. mikr. Anat. 33:284, 1889. 

Bredt, H.: Virchows Arch. f. path. Anat. 296:114, 1935. 

Bremer, J. L.: Am. J. Anat. 42:307 and 338, 1928; 49:409, 1932. 

Coppoletta, J. M., and Wolbach, S. B.: Am. J. Path. 9:55, 1933. 

Davis, C. L.: Development of the Human Heart from Its First Appearance to 
the Stage Found in Embryos of Twenty Paired Somites, Contrib. Embryol, 
(no. 107) 19:245, 1927. 

Diinner, L.: Ztschr. f. klin. Med. 80:217, 1914. 

Farre, J. R.: Pathological Researches: I. On Malformations of the Human 
Heart, London, Longman, Hurst, Rees, Orme & Brown, 1814. 

Fuchs, F.: Ztschr. f. Anat. u. Entwcklngsgesch. 75:1, 1925. 

Geipel, P.: Arch. f. Kinderh. 35:112 and 222, 1903. 

Greil, A.: Morphol. Jahrb. 31:123, 1903. 

Gunn, F. D., and Dieckman, J. M.: Am. J. Path. 3:595, 1927. 

Halbertsma, H. J.: Schmidt’s Jahrb. 119:158, 1863. 

Heine, C.: Angeborene Atresia des Ostium arteriosum dextrum, Tiibingen, 
1861, cited by Herxheimer, by Rauchfuss and by Assmus. 

Herxheimer, G.: Die Missbildungen des Herzens und der grossen Gefasse, 
in Schwalbe, E.: Die Morphologie der Missbildungen des Menschen und der 
Tiere, Jena, Gustav Fischer, 1910, pt. 2, sect. 2, chap. 4. 

Hochstetter, F., in Hertwig, O.: Handbuch der vergleichenden und experimentellen 
Entwicklungslehre der Wirbeltiere, Jena, Gustav Fischer, 1906, vol. 3, pt. 2. 

Keibel, F., and Mall, F. P.: Manual of Human Embryology, Philadelphia, J. B. 
Lippincott Company, 1910. 

Keith, A., cited by Young, A. H.: J. Anat. & Physiol. 41:190, 1907; Lancet 2: 
359, 433 and 519, 1909. 

Kettler, L.: Virchows Arch. f. path. Anat. 287:10, 1932. 

Kirschner, T.: Commentatio de corde cujus ventriculi sanguinem inter se com- 
municant, Marburgi, 1837; cited by Rauchfuss, by Assmus and by Herxheimer. 

Kussmaul, A.: Ztschr. f. rat. Med. 26:99, 1865-1866. 

Langer, A.: Morphol. Jahrb. 21:40, 1894. 

Lev, M., and Saphir, O.: J. Tech. Methods 17:126, 1937. 

Lewis, F. T., and Abbott, M. E.: Internat. A. M. Museums Bull., 1916, p. 111. 

Lichtman, S. S.: Arch. Int. Med. 48:683 and 866, 1931. 

Lochte, E. H. T.: Beitr. z. path. Anat. u. z. allg. Path. 16:189, 1894; 24:187, 1898. 

Meckel, J. F.; Handbuch der pathologischen Anatomie, Leipzig, C. H. Reclam, 
1812 ; cited by Rauchfuss and by Spitzer (1923). 

Meyer, H.: Virchows Arch. f. path. Anat. 12:364 and 497, 1857. 

Monckeberg, J. G.: Herzmissbildungen: Ein Atlas, Jena, Gustav Fischer, 1912; 
Die Missbildungen des Herzens, in Henke, F., and Lubarsch, O.: Handbuch 
der speziellen pathologischen Anatomie und Histologie, Berlin, Julius Springer, 
1924, vol. 2, pp. 1-183. 

Morgagni, J. B.: De sedibus et causis morborum, per anatomen indogatis libri 
quinque, Venetiis, ex typog. Remondiniana, 1761; cited by Rauchfuss. 

Paltauf, R.: Wien. klin. Wchnschr. 14:1032, 1901. 

Peacock, T.: On Malformations of the Human Heart, ed. 2, London, J. Churchill 
& Sons, 1866. 

Pernkopf, E.: Ztschr. f. Anat. u. Entwcklngsgesch. 79:577, 1926. 

——and Wirtinger, W.: Ztschr. f. Anat. u. Entwcklngsgesch. 100:563, 1933; 

Virchows Arch. f. path. Anat. 295:143, 1935. 





























































HARRIS-FARBER—CARDIAC VESSELS 501 

Ratner, B.; Abbott, M. E., and Beattie, W. W.: Am. J. Dis. Child. 22:508, 1921. 

Rauchfuss, C.: Die angeborenen Entwicklungsfehler und die Foetalkrankheiten des 
Herzens und der grossen Gefasse, in Gerhardt, C.: Handbuch der Kinder- 
krankheiten, Tibingen, H. Laupp, 1878, vol. 4, pt. 1. 

Robertson, J. I.: J. Path. & Bact. 18:191, 1913. 

yon Rokitansky, C. F.: Die Defecte der Scheidewande des Herzens, Vienna, W. 
Braumiiller, 1875. 

Sato, S.: Anat. Hefte 50:145, 1914. 

de Senac, J. B.: Traité de la structure du coeur, de son action et de ses maladies, 
Paris, Jacques Vincent, 1749. 

Stéhr, P. J.: Deutsche med. Wchnschr. 50:1444, 1924; Klin. Wchnschr. 4: 1004, 
1925. 

Stokes, A.: J. Anat. & Physiol. 43:301, 1909. 

Tandler, J.: Anatomie des Herzens, in von Bardeleben, K.: Handbuch der 
Anatomie des Menschen, Jena, Gustav Fischer, 1913, vol. 3, pt. 1. 

Taussig, H.: Bull. Johns Hopkins Hosp. 39:199, 1926. 

Walmsley, T.: The Heart, in Quain, J.: Elements of Anatomy, ed. 11, edited by 
Schafer, E.; Symington, J., and Bryce, T. H., London, Longmans, Green & 
Co., 1929, vol. 4, pt. 3; J. Anat. 65:528, 1931. 


References Pertaining to Theory of Spitzer. 

Aschoff, L.: Arch. f. Entwcklngsmechn. d. Organ. 116:267, 1929. 

Brings, L., and Spitzer, A.: Virchows Arch. f. path. Anat. 267:9, 1928. 

Freudenthal, P.: Virchows Arch. f. path. Anat. 266:640, 1927. 

Gertsmann, H.: Virchows Arch. f. path. Anat. 271:1, 1929. 

Graevinghoff, W.: Monatschr. f. Kinderh. 35:237, 1927. 

Hoffmann, H.: Centralbl. f. allg. Path. u. path. Anat. 56:321, 1933. 

Homma, H.: Wien. klin. Wchnschr. 36:810, 1923. 

Humphreys, E. M.: Arch. Path. 14:671, 1932. 

Jensen, G.: Frankfurt. Ztschr. f. Path. 43:545, 1932. 

Kung, S. K.: Beitr. z. path. Anat. u. z. allg. Path. 88:127, 1931. 

Mautner, H.: Jahrb. f. Kinderh. 96:123, 1921. 

—and Lowy, M.: Virchows Arch. f. path. Anat. 229:337, 1921. 

Monckeberg, J. G., in Henke, F., and Lubarsch, O.: Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1924, vol. 2, 
pp. 1079-1094. 

Pernkopf, E.: Ztschr. f. Anat. u. Entwcklngsgesch. 84:549, 1927. 

Schramm, H. G.: Beitr. z. path. Anat. u. z. allg. Path. 82:153, 1929. 

Shapiro, P. F.: Arch. Path. 9:54, 1930. 

Spitzer, A.: (a) Arch. f. Entwcklngsmechn. d. Organ. 45:686, 1919; 47:510, 
1921; (b) Wien. klin. Wchnschr. 35:561 and 584, 1922; (c) Virchows Arch. 
f. path. Anat. 243:81, 1923; (d) Wien. klin. Wchnschr. 36:666, 1923; (e) in 
Henke, F., and Lubarsch, O.: Handbuch der speziellen pathologischen Anatomie 
und Histologie, Berlin, Julius Springer, 1924, vol. 2, p. 1094; Virchows Arch. 
f. path. Anat. 263:142, 1927; Ztschr. f. Anat. u. EntwckIngsgesch. 84:30, 1927; 
Ztschr. f. Kreislaufforsch. 21:523, 1929; Virchows Arch. f. path. Anat. 271: 
226, 1929; 288:247, 1933. 

Wurm, H.: Virchows Arch. f. path. Anat. 268:123, 1927. 

References on Mitral Atresia. 

Abbott, M. E., and Moffatt, W.: Canad. M. A. J. 20:611, 1929. 

Bredt, H.: Virchows Arch. f. path. Anat. 296:114, 1935. 

Clark, C., and Owen: Lancet 2:664, 1848. 

Donnally, H. H.: J. A. M. A. 82:1318, 1924. 





502 ARCHIVES OF PATHOLOGY 


Dudzus, M.: Virchows Arch. f. path. Anat. 237:32, 1922. 

Gaspar, I.: Am. J. Path. 5:285, 1929. 

Hedinger, E.: Centralbl. f. allg. Path. u. path. Anat. 26:529, 1915. 

Hu, C. H.: Am. J. Path. 5:389, 1929. 

Jost, J.: Zur Kasuistik der angeborenen Fehler des linken Herzens, Inaug. Dissert., 
Giessen, 1896; cited by Ménckeberg (1924) and by Dudzus. 

McIntosh, C. A.: Am. Heart J. 1:735, 1926. 

Monckeberg, J. G.: Die Missbildungen des Herzens, in Henke, F., and Lubarsch, 0,: 
Handbuch der speziellen pathologischen Anatomie und Histologie, Berlin, Juliys 
Springer, 1924, vol. 2, p. 124. Méonckeberg cites cases of Fraenkel and of 
Oberndorfer. 

Moore, C. U., and Menne, F. R.: Heart 8:297, 1921. 

Philpott, N.: Ann. Int. Med. 2:422, 1928. 

Pietzsch, J., cited by Ménckeberg (1924), p. 125. 

Shapiro, P. F.: Arch. Path. 10:671, 1930. 














VITAMIN C DEFICIENCY AND INTESTINAL 
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The importance of fusospirochetal organisms in the production of 
infections within the intestinal tract has been of interest since Koch* 
described fusospirochetal intestinal infections in fatal cases of scurvy. 
Zinserling ? reported lesions in the intestines of patients who had severe 
fusospirochetal infections of the mouth, pharynx and lungs. His obser- 
vations were made during the period of partial starvation in Russia 
between 1916 and 1920. Bouty,’ McNeill * and Broughton ° also cited 
instances of primary fusospirochetal infection of the intestinal tract. 
Ariel * reported autopsies in which spirochetes and fusiform bacilli were 
found within the intestinal wall in 1 of 5 cases of tuberculous intestinal 
ulcers, in 3 of 6 cases of typhoid ulcers and in a single instance of 
bacillary dysentery. 

Streicher and Kaplan‘ found spirochetes predominating in 3 of 
their 65 cases of ulcerative colitis. Goadby*® saw fusiform bacilli in 
cases of ulcerative colitis. Muiuhlens,® Langendorfer and Peters *® found 
spirochetes in chronic ulcerations of the colon. Smith ™ stated, “Patients 
having a prolonged convalescence from typhoid fever, bacillary dysentery, 
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typhus fever, cholera or other intestinal diseases, especially amoebic 
dysentery, should be suspected of having a fusospirochetal infection of 
the intestines.” 

These observations were supported by the experimental work of 
De Jemal and Achitou,** who found a great increase of cecal spirochetes 
in guinea pigs after they were placed on a scurvy-producing diet, Ip 
1933 McConkey and Smith ** showed that an adequate supply of vita- 
min C usually protects guinea pigs against intestinal tuberculosis. Vita- 
min C deficiency predisposed their animals to the development of ulcera- 
tive tuberculous intestinal lesions. Smith** stated that 3 of 5 guinea 
pigs which had been kept on a diet partially deficient in vitamin C and 
also fed 0.5 cc. of fusospirochetal pus which came from a spontaneous 
subcutaneous abscess in another guinea pig showed essentially normal 
intestinal tracts. The other 2 had numerous deep necrotic ulcers in their 
ceca. Smears from these ulcers showed large numbers of fusiform bacilli, 
spirochetes and cocci. 

With these observations in mind it was thought that it would be of 
interest to see how often fusospirochetes could be found in intestinal 
lesions and also to attempt to produce the lesions experimentally. 


AUTOPSY STUDIES 


The autopsy protocols of the department of pathology on all instances of 
diphtheritic and ulcerative colitis, typhoid fever, and bacillary dysentery (Flexner) 
and enteritis due to Giardia and Ascaris were studied. There were 24 such 
instances. Sections of the intestines were examined for fusiform bacilli. These 
were found in both the mucosa and the submucosa in 12 cases. In 2 of the 12 
cases Levaditi stains were available, and in both cases spirochetes were observed 
in the intestinal wall. In all but 2 of the 12 cases some other disease was 
present which could cause a break in the mucosa. 

The clinical histories were examined to learn whether any conditions were 
present which might favor fusospirochetal infections. It was found that all the 
patients had been on diets which were deficient in some important nutritional 
elements, but the most constant history was that of a general deficiency of vitamins, 
particularly of vitamin C. 

Some observers believe that one of the most common physical evidences of 
vitamin C deficiency is severe pyorrhoea alveolaris. Almost without exception our 
patients who were past the second decade of life had this lesion, associated with 
a considerable amount of gum infection and abscesses. 


EXPERIMENTAL MATERIALS AND METHODS 


Only male guinea pigs were used, in order to eliminate possible complications 
associated with pregnancy. The animals used in experiment 1 were young guinea 
pigs, weighing between 170 and 280 Gm. In experiment 2 only adult guinea pigs, 
weighing between 573 and 850 Gm., were used. 


12. De Jemal and Achitou, cited by Smith.1! 
13. McConkey, M., and Smith, D. T.: J. Exper. Med. 58:503, 1933. 
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The mixtures of fusospirochetal organisms were obtained by scraping the 
margins of the gums of patients who showed various degrees of untreated 
pyorrhoea alveolaris. The debris obtained was mixed with physiologic solution of 
sodium chloride to form a thick suspension. This suspension, in amounts varying 
from 0.2 to 0.5 cc., was injected through a 26 gage needle into the dorsal sub- 
cutaneous tissue of the hindlegs of normal guinea pigs. The subcutaneous tissue 
afforded a medium with reduced oxygen tension, in which the fusospirochetal 
organisms grew rapidly, producing a large necrotic abscess within two to four 
days. The fusospirochetal organisms were aspirated from these abscesses and fed 
to the experimental animals. Dark field examination of these mixtures demon- 
strated 40 to 60 actively motile spirochetes in each oil immersion field. The site 
of aspiration was closed with collodion, to allow the abscess to refill, thus affording 
opportunity for repeated withdrawals of pus. 

The greatest difficulty was encountered in producing sufficient quantities of 
the fusospirochetal material to keep the average daily feeding at a high level. 
If the dose inoculated into the subcutaneous tissue was too large, the infection 
either produced a large necrotic slough at the site of injection or spread rapidly 
along the fascial planes, thus causing death within twenty-four to forty-eight 
hours. 

In addition to the virulence of the organisms, which was markedly increased 
as they were passed from animal to animal, the age and physical condition of the 
inoculated animal also influenced the size of the optimal injection dose. It is, 
therefore, impossible to specify a definite amount to be injected. A trial and 
error procedure proved satisfactory when the animals were carefully observed. 
The amounts given in this experiment varied from 0.1 to 2 cc. 

Although the mixture of fusospirochetal organisms was foul, no difficulty was 
experienced in feeding it to the guinea pigs. They ate it from the end of a 2 cc. 
syringe with great relish. The amount taken at a single feeding varied between 
0.1 and 2 cc. 

The basic diet consisted of hay and some avtoclaved whole milk mixed with 
rolled oats and salt. In experiment 2 the basic diet was at times supplemented with 
brewers’ yeast, in an effort to increase the animals’ consumption of the food. This 
diet was given in unlimited amounts. Cod liver oil and tomato juice were fed 
directly into the animals’ mouths. 

When the animals were moribund, they were killed with inhalation ether, 
and autopsy was performed immediately. During autopsy the intestine was kept 
moist with physiologic solution of sodium chloride until placed in the fixing fluid. 
The upper and lower ends of the intestine were tied, and the intermediate portion 
was removed intact. The cecum was then detached and incised along the lesser 
curvature, exposing its mucosa. Following this, the fecal contents were removed 
by gentle washing with physiologic solution of sodium chloride, and the mucosa 
was thus exposed for inspection and fixation. 

The cecum was placed in solution of formaldehyde U. S. P. diluted 1:10. 
The small intestine was fixed as follows: The same fixative was gently forced 
through its lumen, and while the intestine was slightly distended, each end was 
tied and then the whole was immersed in the fixative. The large intestine was 
fixed in a similar manner. 

After the tissues had fixed for several days, sections were taken from the 
small intestine and cecum. The area to be sectioned was determined by examining 
the specimen for possible lesions and taking sections from all areas suggestive of 
ulceration or hemorrhage. All tissues were embedded in paraffin. Those to be 
used for general study were stained with hematoxylin and eosin; those to be 
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examined for bacteria were stained according to MacCallum’s method; those 
to be studied for iron were stained by the potassium ferrocyanide method, and 
those to be searched for spirochetes were prepared by the method of Levaditi, 


EXPERIMENT 1 
This experiment was made in order that we might study the effect of a 
vitamin C-deficient diet and fusospirochetes on young guinea pigs. The animals 
were divided into four groups as follows: 


1. The guinea pigs received the basic deficient diet supplemented by 0.3 ce. of 
cod liver oil daily. After clinical signs of vitamin C deficiency developed, they 
were fed varying amounts of the fusospirochetal material. 

2. The guinea pigs received the basic deficient diet supplemented by 0.3 ee, 
of cod liver oil and 10 cc. of tomato juice daily. These animals, receiving a non- 
deficient diet, were fed fusospirochetal organisms in amounts similar to those 
given to group 1. 

3. The guinea pigs received the basic deficient diet supplemented by 0.3 ce, 
of cod liver oil and 10 cc. of tomato juice daily. They were not given the 
fusospirochetal organisms. 

4. The guinea pigs received the basic deficient diet supplemented by 0.3 ce, 
of cod liver oil daily. 


Each experiment lasted eight weeks. 


Group 1—Animals Fed a Vitamin C-Deficient Diet and Organisms.—There 
were 14 guinea pigs in this group. The animals retained their appetites until 
they became moribund. The first sign of deficiency was a decrease in activity, 
followed within a few days by a loose, watery foul diarrhea and loss of weight, 
which became so serious that it was necessary to give them a few cubic centimeters 
of tomato juice occasionally. In this way they were kept alive for two to five 
weeks after the development of a definite scorbutic condition of the joints. The 
gums, however, never showed any lesions. 

The mixture of organisms was fed to these guinea pigs soon after signs of 
deficiency developed. From that time until their deaths they were given an 
average daily dose ranging between 0.05 and 0.07 cc. The total amounts given 
were between 0.5 and 15 cc. 

Morbid Anatomy: The knee joints of these animals were stiff and hemorrhagic. 
The ceca of 5 guinea pigs each contained several definite, though small, hemor- 
rhagic areas in the mucosa. No ulcers were found, but in 1 cecum a small 
area was seen which suggested beginning ulceration. In 1 cecum the hemorrhages 
were sO prominent that they could be seen before the cecum was opened. Each 
cecum was abnormally thin. Sections of the intestines showed large amounts of 
iron in the phagocytes of the submucosa. MacCallum and Levaditi stains showed 
no organisms below the mucosal surface. 





Group 2.—Control Animals Fed Organisms.—There were 6 guinea pigs in this 
group. These guinea pigs displayed no ill effects and gained weight throughout 
the experiment. They were fed fusospirochetal pus during the same time as the 
animals of group 1. The average daily dose received ranged between 0.5 and 
1.05 cc. 

Morbid Anatomy: There were no changes in the knee joints. The wall of 
the cecum in every instance was thick and in no case presented evidence of hemor- 
rhage or ulceration. Some of the sections of the intestines showed a few 
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phagocytes in the submucosa. There was no interruption of the mucosa, and no 
organisms were found below the mucosal surface in either the bacterial or the 
Levaditi preparations. 

Group 3—Control Animals Without Organisms.—There were 4 guinea pigs 
in this group. They always appeared well. 

Morbid Anatomy: There were no stiff joints. In the ceca there were no 
hemorrhages nor was there prominence of lymphoid tissue. Some of the phago- 
cytes of the submucosa of the intestines contained slight amounts of blood pig- 
ment. There were no interruptions in the mucosa. Bacterial and Levaditi prepara- 
tions showed no organisms below the mucosal surface. 

Group 4.—Vitamin C-Deficient Animals Without Organisms.—There were 4 
guinea pigs in this group. They were kept alive by occasionally giving them a 
few cubic centimeters of tomato juice. Scorbutic lesions developed, equal in extent 
to those found in the animals of group 1. 

Morbid Anatomy: The knee joints were hemorrhagic and stiff, with little 
swelling. Every cecum was thin and contained areas of hemorrhage sometimes 
as large as 1 cm. in diameter. Sections of the intestines showed little iron in the 
phagocytes of the submucosa. There were no interruptions in the mucosa, and 
bacterial and Levaditi sections revealed no organisms below the mucosal surface. 


EXPERIMENT 2 


This experiment was similar to experiment 1 except that adult guinea pigs were 
used. 

Group 1—Animals Deficient in Vitamin C to Which Organisms Were Given— 
There were 12 guinea pigs in this group. Five of the animals did not adjust 
themselves to the diet and died before any evidence of scorbutic lesions developed. 
The remaining 7 animals were much more difficult to regulate on the scurvy- 
producing diet than were the young guinea pigs in experiment 1. Their appetites 
varied considerably from day to day, and they required more attention than the 
young animals. The first evidence of deficiency of vitamin C in the adult animals 
was a profuse watery foul-smelling and usually bloody diarrhea accompanied 
by loss of weight. Although there was more swelling in the joints of the older 
animals, the joint motion was not as limited as in the young guinea pigs. Petechiae 
were noted in the gums a few days after the onset of symptoms of involvement 
of the joints. The teeth became loose but did not fall out. 

As soon as evidence of deficiency was noted, these guinea pigs were started 
on the feedings of fusospirochetal pus. The average daily dose ranged between 
0.09 and 0.4 cc. The total amounts given ranged from 1.2 to 10 cc. These animals 
died from two to six weeks after the feedings were started. 

Morbid Anatomy: The knee joints were hemorrhagic, swollen and stiff. The 
teeth were loose, and the gums contained hemorrhages. The ceca were thin, 
and in several of them hemorrhagic areas were seen. In 1 cecum there was a 
punched-out ulceration measuring 6 mm. in diameter. Sections of the intestines 
contained moderate to large amounts of iron in the phagocytes of the submucosa. 
The cecum mentioned as containing a large punched-out ulcer presented micro- 
scopically an ulcerated area including the mucosa and submucosa. This ulcera- 
tion was found to contain numerous fusiform -bacilli, spirochetes, cocci and 
other bacilli. None of the remaining sections contained interrupted mucosa or 
organisms below the mucosal surface. 
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Group 2:—Control Animals Fed Organisms.—There were 4 guinea pigs in this 
group. These animals continued to grow and gain weight. They were given 
feedings of organisms during the same period as the animals in group 1, The 
average daily feeding ranged between 0.22 and 0.35 cc. 

Morbid Anatomy: The ceca showed no hemorrhages or ulcerations and were 
thick walled. No iron was found in the phagocytes of the submucosa of the 
intestines on microscopic examination. The mucosa was intact, and no organisms 
were demonstrable below the mucosal surface. 

Group 3—Control Animals Without Organisms.—There were 3 guinea pigs 
in this group. These animals were never sick, and they gained weight throughout 
the experiment. 

Morbid Anatomy: The ceca contained no hemorrhages or ulcerations. Micro- 
scopically, a small amount of iron was found in the phagocytes of the intestinal 
submucosa. There were no interruptions in the mucosa, and no organisms were 
demonstrable. 

Group 4.—Animals Deficient in Vitamin C Without Organisms.—There were 3 
guinea pigs in this group. They all presented stiff joints, and their diet had to be 
supplemented with some tomato juice to keep them alive. 

Morbid Anatomy: The knee joints were swollen, hemorrhagic and stiff. 
The ceca were thin and contained small areas of hemorrhage without ulceration. 

It is interesting to compare the lesions of the alimentary tract produced by 
vitamin C deficiency in the young animal as observed in experiment 1 with the 
lesions in the adult guinea pig. The location and the severity of the hemorrhages 
were not the same. In the young animal the gums were not affected, whereas the 
gums of the adult guinea pig were involved early. Although there was con- 
siderable hemorrhage in the cecum of the young guinea pig bloody diarrhea 
never developed, but in the adult animal it did. 

Microscopically, the phagocytes of the submucosa contained a moderate amount 
of iron. There were no areas of ulceration, and no organisms could be demon- 
strated below the mucosal surface. 


COMMENT 


A microscopic study of sections of intestines obtained at autopsy in 
24 cases of intestinal disease, including diphtheritic and ulcerative colitis, 
typhoid fever, dysentery due to Flexner’s bacillus and enteritis due to 
Giardia and Ascaris, revealed fusiform bacilli in 12 instances. In only 2 
of these instances were Levaditi stains available, and in these spirochetes 
were seen. It is interesting that in all but 2 of the 12 cases in which 
fusiform bacilli were found infections were noted which could have 
caused a break in the intestinal mucosa. All of these patients had been 
on a diet deficient in vitamin C. This type of diet, as shown by McCon- 
key and Smith,” lowers the resistance of the intestines to tuberculous 
infection and, we believe, also to other infections. 

The manner in which the resistance of the intestines to infection is 
lowered is probably complex, but our experiments suggest one way in 
which this may occur. The experimental animals on a vitamin C-defi- 
cient diet showed numerous small hemorrhages in the intestines. Our 
experimental evidence indicates that at times these hemorrhages are 
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sufficiently large to cause necrosis and thus a break in the mucosa which 
allows the organisms present to gain a foothold. It is thought that 
it was in this manner that the one ulcer in our experiments and the two 
reported by Smith ** occurred. 

What part this mechanism played in the clinical cases is difficult to 
evaluate. The evidence of other etiologic agents at autopsy does not 
preclude the possibility that there may have been some agent other 
than the vitamin C deficiency before the fusospirochetal infection started. 
The work of Koch,’ however, indicates that extreme vitamin C defi- 
ciency leads to definite intestinal lesions with fusospirochetes present. 

From a survey of the literature and of our own work it appears that 
when there is a break in the mucosa of the intestines caused by para- 
sites, bacteria or a deficiency of vitamin C the fusospirochetal organisms, 
if present, may cause further damage. At this time there is, however, no 
indication that the intestines can be damaged by fusospirochetes without 
the aid of some other factor. 

SUMMARY 


In 24 instances of intestinal disease of varied types the intestinal 
lesions found at autopsy were examined microscopically. In 12 of these 
the lesions showed fusiform bacilli. The 12 patients had all been on 
vitamin C-deficient diets, and all but 2 had infections which could 
cause breaks in the mucosa. 

Of 21 guinea pigs fed on a vitamin C-deficient diet and also given 
fusospirochetes, 1 acquired an intestinal lesion, while none of the control 
animals showed such a lesion. 

It is suggested that fusospirochetes can gain a foothold in the intestine 
when there is a break in the mucosa. In our studies such breaks occurred 
as a result of hemorrhages in the mucosa from vitamin C deficiency as 
well as through the activity of bacteria and protozoa. 























































ORGANIC LESIONS PRODUCED BY POLYVINYL 
ALCOHOL IN RATS AND RABBITS 


A TOXICOPATHOLOGIC INVESTIGATION OF AN EXPERIMENTAL 
THESAUROSIS 


W. C. HUEPER, M.D. 
NEW YORK 


Polymerized vinyl alcohol (polyvinyl alcohol [CH, — CHOH]s:) 
is one of several plastic substances developed during recent years by the 
chemical industry. The commercial, impure product is used in the 
manufacture of resins, lacquers and other products, while the pure 
polyvinyl alcohol is employed in the production of synthetic surgical 
threads of absorbable and nonabsorbable types and as a substitute for 
gelatin in foodstuffs (Braun*; Herrmann and Haehnel’). Polyvinyl 
alcohol consists physicochemically of large molecular aggregates of the 
unsaturated vinyl alcohol molecules. The molecular size, as well as the 
physicochemical qualities (solubility, viscosity, color and other proper- 
ties), of the polymerized compound, depends on the method of produc- 
tion and on the subsequent treatment of the finished product. Polyvinyl 
alcohol is a white, tasteless and odorless powder. It is soluble in water, 
glycol and glycerin and insoluble in ethyl alcohol, acetone and many 
other organic solvents (xylene, chlorinated hydrocarbons and others). 
It can be precipitated from an aqueous solution as white floccules by the 
addition of various salts (sodium thiosulfate, ammonium sulfate, sodium 
sulfate and others) and ethyl alcohol. The resulting fluffy precipitate 
of hydrated polyvinyl alcohol floats on the surface. When compressed 
it exhibits a rubber-like elasticity, which, however, gradually decreases 
on drying, leaving a white crumbling matter. This precipitated product 
is less soluble in water than the original compound. The colloidal aqueous 
solutions of polyvinyl alcohol are viscous liquids at room temperature 
and form soft gels when placed in a refrigerator. The firmness of these 
gels depends directly on the concentration of the polyvinyl alcohol. Poly- 
vinyl alcohol can be used as a protective colloid in the preparation of 
colloidal solutions of metals (gold, silver, chromium hydroxide, iron 
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hydroxide and others). As aqueous solutions of polyvinyl alcohol do not 
become infected with bacteria, they may possess distinct advantages over 
gelatin solutions for certain purposes. 

Polyvinyl alcohol gives some of the reactions characteristic for carbo- 
hydrates (test of Carletti and the reaction of Fleig and Ihl) and in 
several other respects behaves similarly to certain large molecular carbo- 
hydrates, such as starch. A concentrated solution of polyvinyl alcohol 
assumes a blue-violet color on the addition of a solution of iodine in 
potassium iodine (compound solution of iodine U. S. P. [Lugol’s 
solution] ). The blue color fades on heating and returns on cooling. 
Polyvinyl alcohol combines with formaldehyde, just as starch does, but 
the product formed, in contrast to the formaldehyde compound of starch, 
is insoluble in water and does not swell (in water) (Herrmann and 
Haehnel*; Staudinger, Frey and Starck.*). 

Little information exists regarding the biologic effects produced by 
this interesting substance. Herrmann ard Haehnel ? mentioned briefly 
that they did not observe any untoward effects in several generations 
of mice receiving polyvinyl alcohol in their dry food or with their drink- 
ing water. Braun,’ who investigated the biologic qualities of polyvinyl 
alcohol more thoroughly, reported that polyvinyl alcohol threads (mar- 
keted under the name “Synthofil R” surgical threads) elicited in the 
tissue a local reaction characterized by the appearance of multinucleated 
foreign body giant cells. Neither the oral nor the subcutaneous intro- 
duction of the polyvinyl alcohol into rabbits and dogs was followed by 
local or systemic organic lesions. Braun observed, however, that poly- 
vinyl alcohol administered subcutaneously was in part excreted through 
the kidneys and was demonstrable in the urine. The various unusual 
physicochemical properties of this substance suggested the desirability 
of a more extensive experimental investigation of its biologic qualities, 
especially as such studies may give some additional information on the 
physicochemical action mechanism of certain biologically important large- 
molecular substances or aggregates (proteins, polysaccharides, lipids) 
under normal and under pathologic conditions (immunity reactions, 
malignant tumors, storage diseases and other conditions). 


EXPERIMENTAL OBSERVATIONS 


The polyvinyl alcohol used in the following experiments was of the com- 
mercial type.4 The substance was administered in an aqueous solution sub- 


3. Staudinger, H.; Frey, K., and Starck, W.: Ber. d. deutsch. chem. Gesellsch. 
60:1782, 1927. 

4. The polyvinyl alcohol was obtained from the R & H Chemicals Department 
of E. I. duPont de Nemours & Company. 
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cutaneously to albino rats and intravenously to rabbits. It was fed also in a 
powdered form, mixed with the stock diet, to albino rats. 

Subcutaneous Introduction—Twelve albino rats, 2 months old, weighing from 
70 to 88 Gm. each, received a subcutaneous injection of 1 cc. of a 5 per cent 
aqueous solution of polyvinyl alcohol five times per week. One rat died after 
fifteen injections, while the others survived a course of twenty treatments, At 
the end of the experimental period (four weeks) 6 rats were killed for a pathologic 
study of the immediate effects of the treatment. The five survivors were killed 
two weeks later for the determination of any late effects. The rats were in 
good health during the entire experimental period and gained weight continuously 
during this period. At the time of death they weighed from 113 to 194 Gm. 

The rat which died spontaneously showed at autopsy an appreciably enlarged, 
firm, grayish red spleen and shrunken kidneys with a coarsely granular, peculiarly 
greenish yellow-brown surface. The subcutaneous tissue at the site of injection 
was swollen and had a grayish jelly-like texture. The postmortem examination 
of the other 11 rats of this series revealed similar changes in the subcutaneous 
tissue. The tissue was, however, somewhat firmer and more yellowish white, 
The spleens were enlarged moderately and were dark red and firm. The kidneys 
of 2 rats showed greenish brown granular changes of the cortex. The other organs 
grossly were normal. 

The microscopic examination of the sections stained with hematoxylin-eosin 
showed the following changes: 

Skin: The epidermis and appendages were normal. The subcutaneous con- 
nective and muscle tissues were infiltrated diffusely by a homogeneous or finely 
granular grayish blue-stained material, which was situated in some instances in 
sinusoidal cavities or had been taken up by numerous balloon-like distended 
histiocytes possessing a foamy cytoplasm. There were occasional smaller and 
larger groups of multinucleated giant cells, surrounding a somewhat deeper 
blue-stained matter and containing in their cytoplasm highly reflective stringy 
inclusions (fig. 1). Smaller and larger necroses, surrounded by lymphocytes and 
leukocytes, were scattered throughout the subcutaneous tissue. 

Lungs: The lungs of most of the rats were normal. Several of them showed, 
however, a more or less diffuse mononuclear and lymphoid infiltration of the 
interstitial tissue and of the interalveolar septums. In a few of the peribronchial 
and peribronchiolar infiltrations of this kind a considerable admixture of eosino- 
philic leukocytes was noted. In addition to these nonspecific chronic inflammatory 
reactions, there occurred in the lungs of several rats focal accumulations of 
histiocytes of a foam cell character, containing in the cytoplasm a finely granular 
grayish blue pale matter. The endothelial lining of several small blood vessels 
was swollen and proliferated, and some of the endothelial cells revealed foamy cyto- 
plasm. The lumens of such vessels were filled by a homogeneous grayish 
blue matter. In a few instances capillary vessels in the interalveolar septums 
evidently were blocked entirely by the development of small granulomas con- 
sisting of mononuclear cells and multinucleated giant cells surrounding a grayish 
blue central homogeneous mass (fig. 2). 

Mediastinal Lymph Nodes: Small groups of balloon-like, swollen. reticular 
cells containing a finely granular bluish gray matter were present in the pulp. 

Heart: The myocardium was normal in all rats. There were, however, 2 
rats in which small accumulations of large mononuclear foam cells were scattered 
in the interstitial tissue. 

Thymus: This organ was normal. 
Aorta: The vessel was normal. 
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Liver: In all rats there was an increase as well as a swelling of the Kupffer 
cells. Where this alteration had taken place in mild to moderate degree, small 
solid nodular accumulations of these cells were met occasionally, scattered through- 
out the normal hepatic parenchyma. In some rats, however, the activation and 
swelling of the Kupffer cells were very diffuse and marked and this change was 





Fig. 1—Subcutaneous tissue showing diffuse imbibition with polyvinyl alcohol 
and presence of mononuclear foam cells and multinucleated giant cells, the latter 
containing highly reflective stringy inclusions of modified polyvinyl alcohol. 


associated with the presence of numerous smaller and larger solid reticulo- 
endothelial nodules located mainly near or around small vessels. The nodules were 
in general well circumscribed and round but were sometimes of an elongated, 
bandlike shape or were interconnected by broader cellular branches. Often the 
cells composing these nodules were arranged in a whirl-like fashion. Three 
different types of cells were found in these nodules. The majority of the cells 
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were oval shaped, rather small and provided with similarly shaped, moderately 
sized, dark staining nuclei. They were often the only kind present with the 
exception of a minor admixture of eosinophilic leukocytes found in some of 
the nodules. An appreciable number of nodules also contained large pale-stained 
cells with large round nuclei and often a cytoplasm showing a foamy structure. 
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Fig. 2.—Distended capillary of the lung filled with polyvinyl alcohol, which is 
surrounded by mononuclear foam cells and proliferated and swollen endothelial 
cells. 


The third cellular type observed in these nodules was represented by multi- 
nucleated giant cells or syncytial masses without distinct cellular outlines. The 
nuclei were arranged in wreath or crescent formation, and often the cytoplasm 
contained large vacuoles or was foamy. These cells surrounded not infrequently 
a small central bluish-stained homogeneous mass. Pale blue globules occasionally 
were seen also within the cytoplasm of isolated, markedly swollen Kupffer 
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cells. Small groups of balloon-shaped histiocytes with foamy cytoplasm were 
yery rarely in the periportal connective tissue, which showed more often a mild 
to moderate eosinophilic infiltration. The liver cells were normal in the great 
majority of rats. Animals with marked reticuloendothelial changes revealed 
moderate pericentral vacuolar degeneration, while small hyaline necroses were 


found in 1 rat. 





Fig. 3—Splenic pulp with swollen reticular cells of foam cell type. Multi- 
nucleated giant cells are numerous. 


Spleen: The sinusoidal endothelium and the reticulum cells were increased 
in number and swollen in all animals. These changes reached extreme degrees in 
several animals. The entire pulp+seemed to consist of a solid mass of large pale- 
stained cells, which sometimes were arranged in nodules similar to epithelioid 
cell tubercles, a resemblance made still closer by the frequency with which multi- 
nucleated giant cells were found within these nodular arrangements (fig. 3). The 
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cytoplasm of the swollen reticuloendothelial cells as well as of the foreign body 
giant cells was often vacuolated or foamy. In general, the follicles were well 
preserved. 

Abdominal Lymph Nodes: The great majority of lymph nodes examined were 
normal. Some of them, however, showed small nests of foam cells and occasionally 
also multinucleated giant cells within the area of the pulp. 

Adrenals: These organs were normal in most of the rats. Some showed 
swollen and vacuolated reticuloendothelial cells in the medullary zone. In 1 fat 
the medulla contained a small solid focus of proliferated reticuloendothelial cells, 
arranged in a whirl-like fashion. 

Kidneys: The great majority of the kidneys showed a more or less extensive 
granular hyaline degeneration of the tubular epithelium. In some instances this 
process had led to complete hyaline necrosis of the entire epithelial lining of 
some tubules in the cortical zone. In some of the rats these were the only tubular 
changes present. Others, however, showed additional extensive and rather unique 
tubular lesions. The tubular lumens were filled in several instances by casts, 
leukocytes and desquamated swollen epithelial cells with foamy cytoplasm. This 
foamy type of tubular degeneration was marked especially in the corticomedullary 
zone. Balloon-like, distended cells often were lining the tubules. In other tubules 
the epithelial lining apparently had become defective, and multinucleated giant 
cells formed an inner coating of the former tubules (fig. 4). Complete absence of 
any epithelial lining was encountered not infrequently. This condition usually was 
associated with considerable cystic distention of the lumens, resulting in the 
production of a spongy structure in some parts of the kidneys. 

In those instances in which there was little pathologic change in the renal 
parenchyma the interstitial connective tissue was essentially normal. In some 
instances in which moderate parenchymatous lesions were present, there was a 
mild to moderate mononuclear infiltration, involving mainly wedge-shaped areas 
of the cortex and being composed of foam-cellular histiocytes. Small groups of 
multinucleated giant cells were seen occasionally. In regions with markedly 
degenerated tubular epithelium the interstitial tissue showed sometimes marked 
imbibition of a faintly blue-stained homogeneous substance, presenting thereby 
a myxomatoid appearance. Wherever this imbibition had reached extreme degrees, 
the original tissue seemed to have broken down, leaving smaller and larger cysts 
filled with the homogeneous matter and surrounded by a lattice work of preserved 
basement membranes. A late outcome of these lesions was apparently present in 
the kidneys of 1 rat, in which considerable thickening and fibrosis of the interstitial 
tissue, similar to that found in chronic nephrocirrhosis, were seen in addition to 
marked tubular and glomerular lesions. 

The most constant pathologic change observed in the glomeruli was the balloon- 
ing of one, several or many endothelial cells in the capillary tufts. This endo- 
thelial vesiculation apparently was’ preceded by swelling and proliferation of the 
affected cells, which during the preparatory stage showed a foamy cytoplasmic 
structure. At this time the nuclei were arranged sometimes in irregular clusters. 
With the further progress of this alteration the appearance became more cystic, 
the intracellular cavities being filled with a finely granular matter staining grayish 
blue (fig. 5). The ultimate result of this development was complete disintegra- 
tion of the endothelium, leaving a grapelike bunch of cysts, the walls of which 
were formed by the preserved and often hyalinized swollen fibrillar elements of 
the tuffs. The reduction in number of cells and the generalized hyalinization of 
the tuits were followed by atrophy and shrinkage. The marked swelling of the 
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glomeruli caused in some instances close contact with the thickened and cellular 
wall of Bowman's capsules and resulted in cellular adhesions between these two 
parts. : re : 

Homogeneous small blue globules were found occasionally within the capil- 
lary lumens of the glomerular tufts—in those of the afferent vessels in the pedicle— 
as well as in those of capillaries located in the interstitial tissue of the cortex. 
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Fig. 4—Renal tubules with balloon-like swollen epithelial cells; small cystic 
cavities and large mononuclear foam cells in the interstitial tissue; a few swollen 
endothelial cells in the glomerular tuft. 


Stomach: There was in most of the rats moderate eosinophilic infiltration 
of the submucosa of the glandular portion. , 

Intestine: No abnormalities were observed with the exception of mild eosino- 
philic infiltration into the submucosa of the duodenum, in a few instances. 
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Testes: Diffuse, moderate degeneration of the spermatogenic epithelium with 
desquamation of spermatids and arrest of spermatogenesis was observed jn the 
| rat which died spontaneously with severe renal lesions. The testes of the other 
| rats were normal. 
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Fig. 5—Glomerular tuft with several markedly distended endothelial cells 
containing polyvinyl alcohol. 










Epididymides: The lumens of the ducts of the rat with testicular alterations 
contained numerous immature spermatogenic cells in addition to some necrotic 
debris. The epididymides of the other rats were normal. 

Pancreas, Bladder, Prostate and Seminal Vesicles: These were normal in 





all the rats of this series. 
Bone Marrow: There was dense myeloid marrow containing numerous eosino- 
philic myelocytes and megakaryocytes in the sternum in the great majority of 
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rats examined. Erythropoiesis seemed to be somewhat impaired in several rats, 
while small foci of degeneration were scattered throughout the marrow in a rat 
showing marked lesions in other organs. 

Brain: No abnormalities were demonstrable in the brains of 6 rats. In 3 
rats large mononuclear foam cells were found in varying number in the stroma 
of the choroid plexus. Another group of 3 rats showed, in addition to identical 
choroidal lesions, pathologic changes affecting the blood vessels and the nerve 
tissue. There were brown-pigmented cells and balloon-like, swollen glia cells in 
the perivascular spaces of some vessels, which revealed, moreover, proliferation of 
their endothelial lining. Accumulations of swollen glia cells possessing foamy cyto- 
plasm with fine bluish gray granules were found occasionally near and within a 
nerve tissue having a spongy appearance or an appearance of containing many 
small cysts. Small groups of ganglion cells situtaed near the cornu ammonis, the 
occipital region and subcortical region were distended enormously and vacuolated. 
They were surrounded or invaded by glia cells in those instances in which marked 
degeneration of the affected ganglion cells was apparent from the indistinctness of 
their cellular outlines and the disintegration of the nuclei and of the tigroid 
substance (Nissl stains) (fig. 6). 

In comparing the pathologic alterations described as to extent, distribution 
and severity it appears that in general these features were more pronounced 
in the rats which were killed two weeks after the discontinuation of the treat- 
ment than in those killed immediately following it. 


Histochemical Color Reaction for Polyvinyl Alcohol—The demonstration of 
bluish-tinged homogeneous or granular matter at the site of injection as well as 
in various remote organs strongly suggested the presence of polyvinyl alcohol in 
these localities. Attempts were made, therefore, to identify more definitely the 
chemical character of this substance by some selective histochemical color reaction. 
The stains methyl violet, polychrome methylene blue and Besi’s carmine, usually 
used for the demonstration of amyloid and glycogen, respectively, were tried 
unsuccessfully. A specific and sensitive color reaction for polyvinyl alcohol, how- 
ever, was obtained when the observation made by Staudinger, Frey and Stark ® 
in regard to the blue colorization of polyvinyl alcohol after contact with compound 
solution of iodine was utilized. The method to be described can be applied to 
frozen sections as well as paraffin and pyroxylin (celloidin) sections with equal 
success. 

The sections were placed in compound solution of iodine from four to sixteen 
hours (overnight). Then they were dried with blotting paper, to remove the 
excess iodine solution, and mounted in glycerin. Contact with water and alcohol 
must be avoided, as the reaction is highly sensitive to these agents, which cause 
a rapid fading of the blue color. Sections thus treated are light to deep brown, 
depending on the thickness and the particular type of tissue. The polyviny! alcohol 
takes on a deep blue to grayish blue color. The reaction is so sensitive that 
even minute intracellular deposits of this compound are visualized readily. 

Sections of nearly all organs were stained with compound solution of iodine, 
according to the procedure described, and the following observations were made. 

3rain: The content of polyvinyl alcohol in the brain as demonstrated by this 
reaction varied considerably with different animals. Some brains were apparently 
free from any polyvinyl alcohol. In a few others the polyvinyl alcohol was 
restricted in its distribution to the choroid plexus, where it occurred in the form 
of fine blue granules in groups of histiocytes and as large globules in the lumens of 
the smaller vessels or as an inner coating of their walls. In 3 rats of this series 
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there was present, on the other hand, extensive involvement of the brain, Blue 
globules were found in some restricted areas of the meningeal tissue, where they 
were located in cells and capillary lumens. Blue globules and coating of the wall 
were observed not infrequently in the intracerebral blood vessels. Glia cells 
accumulated in distended perivascular spaces occasionally contained fine blue 
granules. In some areas, balloon-like, swollen ganglion cells contained large 
blue globules, while swollen and irregularly branching glia cells showed dense, 
finely granular blue inclusions. In other restricted regions the nerve tissue 
presented a spongy appearance, with large pale to dark blue-stained homogeneous 





Fig. 6—Ganglion cells and glia cells of the region of the cornu ammonis, 
showing marked swelling, distortion and vacuolation. The vacuoles are filled with 
polyvinyl alcohol. 


masses filling cystic formations surrounded by bundles of nerve fibrils. The 
extent of these changes appeared to be greater in these specially stained sections 
than was apparent from the sections stained with hematoxylin-eosin. 

Lungs: Blue globules were found within capillary lumens and in histiocytic 
foam cells of the interstitial septums and perivascular spaces. Larger globular 
blue-stained accumulations were seen in several granulomatous foci, where part 
of the blue matter was located within foam cells and part formed the center of 
the histiocytic indurations. 
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Heart: In several rats the interstitial tissue of the heart showed foam cell 
accumulations with fine blue cytoplasmic globulation. 

Liver: Smaller and larger blue droplets were present more or less frequently 
within swollen Kupffer cells. In cases in which these reticuloendothelial inclusions 
were rather massive, there were observed beadlike bluish streaks running through 
the brownish-colored hepatic parenchyma. Larger globular accumulations of 
blue-stained matter occurred either within the foam cells forming the reticulo- 
endothelial nodules or extracellularly within the centers of these foci. Blood 
yessels showed occasionally an inner coating of the blue substance or contained blue 
globules within their plasmatic content or had in their lumens accumulations of 
deep blue-stained round “corpuscles,” resembling in size and appearance erythro- 
cytes or large platelets covered with the biue-stained polyvinyl alcohol adsorbed 
or precipitated on their surfaces. The liver cells proper were always without any 
blue-stained inclusions. 

Spleen: The amount of blue material demonstrable in the spleen varied greatly 
with different animals. In the majority there was only a small to moderate number 
of small blue globules scattered through the pulp, while in 2 rats the entire 
pulp was studded densely with globular and granular blue matter, located within 
the masses of foam cells. Blue globules were seen in the vascular and sinusoidal 
lumens. The follicles were in general free from blue matter with the exception 
of a few small blue globules within large histiocytes situated in their marginal 
portion. 

Pancreas: A fine blue granulation was presented in more or less numerous 
histiocytes of the foam cell type located in the interstitial tissue, while blue globules 
were seen in the lumens of some blood vessels. Histiocytes of the peripancreatic 
fat tissue showed not infrequently a fine blue globulation in their cytoplasm. 

Adrenals: The medullary reticuloendothelial cells were loaded with blue 
globules. These colored inclusions were less dense in the histiocytic cells of the 
cortex, especially where the subcapsular reticuloendothelial cells revealed these 
blue aggregations. Small groups of blue granulated foam cells were found in 
periadrenal fat tissue. 

Kidneys: Gross inspection of the renal sections showed clearly, by the dis- 
tribution of the blue-colored areas in the brownish yellow matrix, that the 
polyvinyl alcohol was accumulated principally in the peripheral cortex and in the 
corticomedullary zone. The region situated between these two areas contained a 
smaller amount of blue matter, while the pyramids appeared to be entirely free 
of it. Microscopic examination of the sections revealed in different rats marked 
differences in the amount and site of blue material deposited in the kidneys. 
While blue matter was present in the kidney of all rats, in some only a small 
amount of it was seen, and then it was found almost exclusively within the 
glomeruli, in the tubular epithelium of the corticomedullary zone and in a few 
scattered blood vessels. Furthermore, only a smaller or a larger portion of 
these tissue elements then were thus affected. Kidneys with more massive involve- 
ment showed, on the other hand, not only more diffuse and sometimes almost 
generalized deposition of blue matter in these component parts but often had, in 
addition, very extensive involvement of the cortical connective tissue. 

Blue globules and homogeneous masses were found not only in all those 
cells and tissues which had shown in the sections stained with hematoxylin and 
eosin the presence of a faintly blue-colored matter but also in many additional 
cells and structures, where the last-mentioned sections had not suggested deposition 
of polyvinyl alcohol. The imbibition of polyvinyl alcohol by the tissue was so 
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massive in several instances that the original structure appeared to be obliterated, 
The glomerular tufts contained this substance within the balloon-like endothelial 
cells as well as free in the capillary lumens. Blue globules were found not only 
free in the tubular lumens but also within the tubular epithelium. 

Testicles: The extratesticular venus plexus of the rat with well developed 
degenerative changes of the spermatogenic epithelium contained numerous blye 
globules as well as an extensive coating of the inner wall with the homogeneous 
blue substance. Very fine globules were seen in the lumens of many intratesticular 
small blood vessels. Some of them were coated with this matter for wide stretches, 
especially in regions where the spermatogenic epithelium in the adjacent tubules 
showed evidence of marked degeneration. Numerous large oval and polygonal 
cells in the interstitial tissue were filled with a very fine blue cytoplasmic 
granulation. 

Bone Marrow: The great majority of the marrows tested showed blue matter ip 
the form of globules or deep blue “corpuscles” arranged either in groups or in 
irregular chains or clumps. The deposits seemed to lie in sinusoidal lumens and 
occasionally within large sinusoidal cells. The myeloid cells proper were always 
without blue inclusions. 

Skin: Examination of the sections by the naked eye revealed a blue to grayish 
blue zone beneath the epidermis. Dense accumulations of bluish globules within 
cells and larger solid masses of this substance situated free in the tissue spaces 
were seen on microscopic study. The balloon-like, swollen histiocytes showed fine 
cytoplasmic blue granulation. There were also small blue globules in isolated cells 
and in cell groups surrounding the hair follicles. 

Many sections were stained with scarlet red for the presence of fat, especially 
with reference to the possible occurrence and admixture of fat in the deposits of 
polyvinyl alcohol in the different organs. The results essentially were negative, 
with a few exceptions. There was a moderate sprinkling of red-stained granules 
in the spleen which showed a diffuse infiltration with balloon-like, swollen reticulum 
cells. The fat granules were located within some of these foam cells and formed 
occasionally an outer ring around the nuclear crescent of the multinucleated 
giant cells. The greater portion of the pulp, however, was free of fat. The same 
animal showed a minor fatty infiltration of the cells in the pericentral hepatic 
cords and of the tubular epithelium of the kidney. 


Oral Administration—Only 4 rats were used in this experiment. They were 
about 2 months old at the start of the experiment. During the first two weeks 
2 Gm. of polyvinyl alcohol was added to 45 Gm. of stock diet. This dose was 
doubled for a second period of two weeks. Then 2 rats were killed, and the 2 
survivors were placed on a diet containing 10 Gm. of polyvinyl alcohol in a total 
of 25 Gm. of food (ratio, 1:1.5). At the end of two weeks these rats were 
killed. 

The rats developed satisfactorily on this diet. They increased their weight 
within four to six weeks from. an original of 78 to 84 Gm. to 139 to 172 Gm, 
respectively. 

The necropsy did not reveal any gross lesions of the internal or zans. 

The histologic examination of sections prepared from the brain, lung, heart, 
spleen, pancreas, kidney, adrenal, bladder, testis, epididymis, thymus and intestine 
did not show any abnormalities attributable to the diet given. The livers of the 
2 rats which received the largest amounts of polyvinyl alcohol revealed marked 
hydropic degeneration of the liver cells. There were, however, no proliferations 
of the Kupffer cells. A more or less marked eosinophilic infiltration was found in 
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the submucosa of the stomach and in the dense myeloid marrow of the sternum. 
Sections stained with compound solution of iodine did not show any blue globules i 
or granules indicative of the presence of polyvinyl alcohol. 





Intravenous Injection—Three male rabbits were used. Each received a daily 
injection of a 5 per cent solution of polyvinyl alcohol in physiologic solution of 
sodium chloride (0.85 per cent sodium chloride). The injection was made into 
the marginal vein of the ear on five days of the week. One rabbit was thus 
treated ten times with 10 cc. of this solution; a second animal received fifteen 
injections, while a third received twenty-five injections, the dose with the last 
five of them being 20 cc. of the polyvinyl alcohol solution. The injections were 
tolerated in every instance, without any immediate or delayed symptomatic reactions. 

The urine, which was examined at varying intervals after the injections, did 
not contain at any time albumin, sugar or blood. The test for glycuronic acid was 
positive. The reaction ranged from neutral to alkaline, and the specific gravity 
yaried around 1.010. Examination of the sediment for formed elements revealed 
none. Urine voided during the first four to six hours following an intravenous 
injection was collected and saturated with ammonium sulfate. The fluffy white 
precipitate formed was filtered off and treated with compound solution of iodine. i 
When the deep brown precipitate was placed in water, it changed into reddish 
blue floccules floating on the surface. The demonstration of this matter in the 
urine was considered indicative of the presence of polyvinyl alcohol. 

A procedure similar to that used for the demonstration of polyvinyl alcohol 
in the urine was employed in testing for the presence of this substance in the 
blood. Blood was withdrawn from the heart of 1 rabbit five hours after the 
last (fifteenth) injection. To 60 cc. of the clear amber serum, separated from 
the clot, 14 per cent sodium sulfate was added. The white soft precipitate settling 
at the bottom of the vessel was treated with compound solution of iodine. An 
elastic white network covering the coagulum turned deep blue, thus indicating 
that a part of the injected polyvinyl alcohol was retained in the blood for as | 
long as five hours after the last injection and was precipitated with the globulins. 

Polyvinyl alcohol added in the form of a 5 per cent aqueous solution to an equal i 
amount of serum mixed readily without being precipitated and could be recovered 
qualitatively with the method just described. 

The rabbits were killed by intravenous injection of air. Grossly the internal ; 
organs were in general normal with the exception of the testes, which were 
reduced in size, and of the spleen of the rabbit which had received the largest . 
amount of polyvinyl alcohol, which was approximately three times normal size, 
firm and dirty grayish red, and showed distinctly the grayish white follicles. 

In sections stained with hematoxylin-eosin the following microscopic observa- 
tions were made: 

Brain: There was an occasional small focus of glia cells which were partly 
balloon-like in character and were located in a loosened fibrillar matrix containing 
in a few instances vacuolated and degenerated ganglion cells. In 2 rabbits large 
round foam cells were found in the choroid plexus. 

Lungs: The pulmonary lesions observed in the 3 rabbits were identical in type 
but varied in degree, depending on the amount of polyvinyl alcohol administered) 
There were more or less marked and diffuse perivascular and peribronchial 
eosinophilic infiltrations, usually containing a fair a admixture of mononuclear 
and lymphoid elements. A considerable number of small blood vessels and capil- 
laries were clogged and surrounded by such cellular accumulations. In several 
more advanced vascular lesions of this type there were small cavities, each with a 
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central bluish-stained homogeneous mass surrounded by syncytial multinucleated 
formations and mononuclear foam cell elements mixed with eosinophilic leukocytes, 
The parts of an endothelial lining preserved in some of them demonstrated that 
these lesions were actually of vascular origin and had derived from vessels occluded 
by leukocytic thrombi. A few larger vessels, filled with blue matter, were fined 
by cushion-like thickenings of endothelial cells, some of which were swollen and 
exhibited foamy cytoplasm. In a few cases there were multinucleated giant cells 
intermixed with the endothelial cells forming these thickenings. Occasionally a 
crescent-shaped portion of the endothelial lining of a blood vessel had been lifted 





Fig. 7—Pulmonary vein containing a crescent-shaped subendothelial imbibition 
of polyvinyl alcohol. 


off its base by a highly edematous subendothelial tissue containing a few mononu- 
clear cells, sometimes arranged in a rosette-like cluster (fig. 7). Smaller vessels 
were filled with solid plugs of large pale mononuclear endothelial cells, apparently 
swollen and proliferated, and were surrounded by dense accumulations of 
eosinophilic leukocytes. 

Heart: The myocardium was normal. The interstitial tissue contained several 
small foci of large mononuclear cells located near or within capillaries. 

Aorta: The vessel was normal. 

Thymus: The organ was normal. 

Liver: The liver cells were swollen and pale and filled with a fine granular 
cytoplasm. The Kupffer cells were apparently normal. 
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Spleen: The follicles in general were well preserved. The pulp was hyperemic 
and contained scattered groups of foam cells in the 2 rabbits which had received 
the lower doses. The splenic pulp cf the third rabbit, which had exhibited the 
enlarged spleen, presented a massive accumulation of foam cells. 

Adrenals: The medullary reticuloendothelial cells were greatly swollen and 
partly of foam cell character. 

Kidneys: The kidneys of 1 rabbit were normal, and those of a second animal 
showed marked degeneration of the tubular epithelium in the corticomedullary 
zone. The endothelium of the glomerular tufts of the third rabbit presented the 
typical balloon-like swellings already described, diffuse tubular degeneration and 
obliterative endothelial proliferations in some interstitial small vessels. 

Testes: There was complete or extensive arrest of spermatogenesis in the 
testes of all 3 rabbits. The spermatogenic epithelium was moderately to markedly 
atrophic and thinned. Some tubules contained desquamated spermatids and multi- 
nucleated spermatid giant cells. 

Epididymides: The lumens of the ducts were filled with masses of immature 
round spermatic cells and giant cells, mixed with debris. 

Bone Marrow: The marrow of the sternum consisted of loose myeloid fat 
marrow revealing impaired erythropoietic activity in all 3 rabbits and reduced 
myeloid proliferation in 2 rabbits. There were, however, numerous eosinophilic 
and megakaryocytic cells. The marrow of the rabbit which received the largest 
dose of polyvinyl alcohol contained several small foci of large interstitial cells 
with foamy cytoplasm. 

Sections stained with compound solution of iodine showed the following 
changes : 

Brain: Blue granulation was found in perivascular glia cells. It was dis- 
tributed diffusely in smaller areas of the brain within large foam cells. These 
were partly glia cells and partly swollen ganglion cells (fig. 8). Blue matter 
of a spongy appearance, filling the entire lumen, or of a homogeneous type, 
coating the inner wall of blood vessels, was distributed widely in the brain. 
Often some of the vessels contained deep blue-stained “corpuscular” matter side 
by side with brown-stained erythrocytes. There was also blue matter in the 
veins of the choroid plexus and within large foam cells of its interstitial tissue. 

Lungs: Blue granules were observed in swollen pale cells blocking the lumens 
of smaller vessels and in subendothelial crescent-shaped spaces. Numerous blood 
vessels were blocked by homogeneous blue-colored plugs. 

Liver: Only a few Kupffer cells contained small blue globules. The liver 
cells were free from any blue matter. Somewhat larger amounts of blue matter 
were seen in vascular lumens 


Spleen: The pulp contained blue globules in varying number. The deposition 
of the polyvinyl alcohol in the spleen of the rabbit which had received the 
largest amount was so abundant that the section had already grossly a bluish 
color. Reticular cells and sinusoids were clogged with blue masses which involved 
the entire pulp. In a second rabbit, especially, the subcapsular zone was the 
site of the blue inclusions and imbibition. Small accumulations of minute blue 
globules were observed within the walls and in the perivascular tissues of several 
perforating arteries. 

Adrenals: The reticuloendothelial cells were loaded with blue matter to 
such an extent that in the medulla blue-colored cells seemed to be the pre- 
dominating cells. There were dense deposits of blue globules in the histiocytes 
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of the capsule and of the peripheral cortex as well as in the cortical cells 
themselves. The blue content of the cortical cells gradually decreased toward 
the center, following in its distribution the columnar arrangement of the cells 
in the zona fascicularis. The periadrenal fat tissue showed not only histiocytes 
containing a fine blue granulation but also fat cells proper with large blue globules, 





Fig. 8.—Focus of glia cells and ganglion cells highly infiltrated with polyvinyl 
alcohol, located in the brain stem. 


Testes and Epididymides: Numerous blood vessels contained blue globules 
or a homogeneous coating or a spongy, honeycomb-like matter. The interstitial 
cells in the testes were engorged with fine blue granules. The spermatogenic 
epithelium, however, was always free from blue inclusions. Dustlike blue granules 
filled the fibroblastic layer of the tunica vaginalis. The histiocytes and fat cells 
of the peritesticular and periepididymic fat tissue showed numerous blue-colored 
globular inclusions. 
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Bone Marrow: The marrow of the sternum of 1 rabbit only revealed a few blue 
globules situated within the lumens of sinusoids. 

Sections stained with scarlet red for the demonstration of fat in general 
revealed none. The presence of fine, dustlike red granules in the interstitial cells 
of the testes of 1 rabbit formed the only exception to this rule. 

Inasmuch as the results of a detailed study of the various hematic reactions 
following intravenous administration of polyvinyl alcohol will be reported in a 
separate communication, it may suffice to mention here that after several intra- 
yenous injections of polyvinyl alcohol there occurred in the rabbits a marked 
decrease in the coagulability of the blood, a considerable lengthening of the bleed- 
ing time and moderate anemia and leukopenia. 


COM MENT 


Polyvinyl alcohol subcutaneously administered is retained to an appre- 
ciable degree and for an extended period at the site of injection. There 
it causes necrosis and production of a granulation tissue composed of 
histiocytic foam cells and multinucleated giant cells resembling closely in 
morphologic character the inflammatory tissue observed after injection of 
paraffin (Hueper°) and unsaturated fatty acids (Hass*). The phago- 
cytic cells are active in breaking up and ingesting the masses of foreign 
material and preparing it thereby for distribution to remote organs by 
way of the blood stream. The lymphatic channels seem to play only a 
minor role in this process, as the lymph nodes show relatively little 
evidence that they participate in the mobilization and general distribu- 
tion of the compound. On the other hand, varying amounts of poly- 
vinyl alcohol can be demonstrated within the lumens of blood vessels in 
various organs and parts of the body. The polyvinyl alcohol retained 
at the site of injection acts as a depot from which over a period of 
weeks the compound is discharged gradually into the circulation. While 
present in the blood, polyvinyl alcohol is not taken up evidently by the 
phagocytic leukocytes, but remains extracellular, either finely dispersed 
in the plasma or forming larger and smaller globules within the plas- 
matic matter. The polyvinyl alcohol shows a marked tendency to coat the 
inside of blood vessels, especially those of smaller caliber, or to occlude 
their lumens. The latter phenomenon seems to be especially frequent 
and probably most persistent in the lung, as the walls of the smaller 
vessels of this organ reveal the most marked and striking evidence of 
the injurious effect of polyvinyl alcohol lodged in their lumens. Fol- 
lowing an arrest of leukocytes in the pulmonary capillaries thus damaged, 
there occurs a swelling of the endothelial cells, with foamy transforma- 
tion of the cytoplasm by intracellular imbibition of polyvinyl alcohol. 
The subsequent degeneration of the endothelial cells may cause secondary 





5. Hueper, W.: Frankfurt. Ztschr. f. Path. 29:276, 1923. 
6. Hass, G. M.: Arch. Path. 26:956 and 1196, 1938. 
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excessive proliferation of these cells or may result in replacement of the 
endothelial lining by multinucleated giant cells and histiocytes, while 
at the same time there is more or less dense perivascular and vascular 
infiltration by eosinophilic leukocytes and mononuclear cells. The poly. 
vinyl alcohol appears occasionally to seep through the injured endo- 
thelial lining and to accumulate in the subendothelial space, forming 
thereby a myxomatous-like blister. Polyvinyl alcohol penetrating 
beyond the vascuiar wall into the interstitial tissue is engulfed by his- 
tiocytes, which are transformed thereby into foam cells. The most impor- 
tant and characteristic late lesions produced in the lungs by the retention 
of polyvinyl alcohol are represented by scattered obliterative pulmonary 
arteriosclerosis. 

The vascular reactions observed in other organs (brain, liver, testes 
and others) are in general less spectacular with the exception of those 
seen in the kidney. In this organ the polyvinyl alcohol while passing 
through the glomerular tuft is retained by the capillary endothelium of 
this portion of the renal filter and, accumulating in the endothelial 
cells, causes their more or less marked ballooning and ultimate disinte- 
gration. The retention of polyvinyl alcohol in the smaller branches of 
the renal arteries is followed by an escape of this substance through the 
damaged walls into the interstitial tissue, where it may cause not only a 
chronic inflammatory reaction of the foreign body type but also a diffuse 
and highly destructive imbibition of the alcohol by the tissues. The 
coating of the walls of the renal vessels with polyvinyl alcohol may also 
be one of the main reasons for the more or less extensive tubular 
degeneration present in most of the affected kidneys. The physico- 
chemical qualities of the substance make it likely that such a film may 
interfere seriously with the proper exchange of nutritive substances and 
metabolites between the blood and the cells of the vascular wall as well 
as of the surrounding tissue. 

This mechanism also may account for the degenerative changes found 
in the testes of 1 rat and the rabbits which showed the vascular coating 
just mentioned. 

The cellular elements chiefly engaged in the removal of the polyvinyl 
alcohol from the blood and in its subsequent and prolonged storage are 
the reticuloendothelial cells of the spleen, adrenals and liver and to a 
minor extent also those of the lymph nodes. The reticular elements of the 
bone marrow apparently do not participate in this process. The degree 
of phagocytosis of the polyvinyl alcohol by the reticuloendothelial cells 
varies considerably with the different animals. In those showing this 
process there is most markedly developed not only generalized and 
extensive swelling but considerable proliferation of the reticuloendothelial 
cells, and with the massive accumulation of foam cells there results a 
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remarkable change in the morphologic appearance of certain organs 
(spleen, liver, adrenals ). ea 3 ; 

Fixed tissue cells with phagocytic qualities usually participate in the 
intracellular storage of the mobilized polyvinyl alcohol. Histiocytic 
foam cells located in the subcutaneous tissue, in the lungs and heart, in 
the pancreatic, testicular, epididymic and periadrenal connective tissue 
and in the choroid plexus contain polyvinyl alcohol in finely granular 
form. With highly excessive storage the glia cells of the brain also 
become engaged in the storage of this chemical. 

The polyvinyl alcohol does not seem to penetrate into any paren- 
chymatous cells with the exception of the renal tubular epithelium, 
adrenal cortical cells and occasionally some of the ganglion cells of the 
brain. While the presence of polyvinyl alcohol in the renal epithelium 
seems to be mainly a transitory excretory phenomenon, the occurrence of 
the compound in the cerebral ganglion cells must be considered as the 
result of active absorption and retention. Fat cells in various parts of 
the body and fibroblasts of the testicular tunica vaginalis are the only 
other cells which ingested polyvinyl alcohol. 

The organic lesions resulting from repeated intravenous administra- 
tion of an aqueous solution of polyvinyl alcohol are essentially identical 
in type and distribution with those produced by subcutaneous introduc- 
tion of polyvinyl alcohol. It is remarkable, however, that the most 
severe and extensive lesions occur in the lungs, spleen and testes when 
the intravenous route is used, while the kidney, liver and spleen are 
the sites of the most marked changes following subcutaneous administra- 
tion of this compound. 

In analyzing the data presented, it becomes evident that the several 
physicochemical properties peculiar to polyvinyl alcohol (large molecular 
size, viscosity of the aqueous solution, precipitability from a colloidal 
liquid state to a particulate hydrated gel state through changes in the 
salt concentration of the medium, dispersibility of the aqueous solution 
in the blood, marked resistance against chemical or enzymatic degrada- 
tion) in combination are the causes underlying the various organic lesions 
observed. It seems reasonable to assume that the large molecular size 
of this compound represents probably the main reason for the difficulties 
encountered in its elimination through the kidneys. Polyvinyl alcohol, 
once having entered the organism, is retained, therefore, to an appre- 
ciable degree, as it cannot pass readily through the renal endothelial 
filter. The retained portion of the polyvinyl alcohol is thus stored in 
reticuloendothelial cells, in various phagocytic cells and in interstitial 
tissue spaces, as its metabolic destruction or degradation into smaller 
molecules apparently cannot be accomplished by the body cells. The 
morphologic changes produced in the spleen, liver and to some extent 
also the brain possess a certain degree of similarity with those observed 
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in lipoidoses of the Gaucher and Niemann-Pick types. It is intriguing 
to speculate on the role which excessive molecular size of the retained 
and stored lipids may possibly play in the causation of these symptom 
complexes. One may consider also the possibility that large molecular 
size combined with the inability of the body to metabolize the formed 
product is responsible for the deposition of substances such as amyloid, 

The absence of polyvinyl alcohol, demonstrable by histochemical 
methods, in the various organs following oral ingestion of large amounts 
of this substance supports the conception that the gastrointestinal mucous 
membrane is not readily permeable to this macromolecular compound, 
However, it is still uncertain whether this impermeability of the cellular 
membrane is complete, as it seems to be likely that the degree of poly- 
merization of the polyvinyl alcohol, and therefore the molecular size of 
the individual aggregates, is not uniform throughout the solution, thus 
permitting possibly the penetration of the smaller-sized molecules while 
preventing that of the macromolecular type. 

The observations made with the help of the histochemical color 
reaction indicate that the polyvinyl alcohol remains to an appreciable 
extent in a colloidal liquid state and is phagocytosed also in this form 
by the reticuloendothelial cells and various other cellular elements, 
There exists, however, some evidence suggesting that a part of the 
polyvinyl alcohol is changed into a finely divided, particulate gel form. 
This type of intracellular and extracellular deposition is represented by 
the grayish blue-stained minute granules found free in the tissue at the 
site of injection as well as within histiocytes in different parts of the 
body. The chemical character of the highly reflective stringy inclusions 
in some of the giant cells present in the granulation tissue at the site of 
injection is unknown. It appears to be possible that, in analogy with 
the observations made by Hass® in connection with subcutaneously 
deposited unsaturated fatty acids, these formations represent higher 
polymerization products of polyvinyl alcohol, resulting from the action of 
the physicochemical conditions and processes of the tissues on this sub- 
stance. It is remarkable that neither the leukocytes of the circulating 
blood nor those present in the bone marrow seem to phagocytose the 
polyvinyl alcohol globules or granules, while these are ingested readily 
by many other phagocytic cells. Additional study is needed in regard to 
the nature of the blue-colored “corpuscles” seen in the blood, as these 
may represent either globular solid precipitations of polyvinyl alcohol 
or blood cells (platelets or erythrocytes) covered by a surface film of 
condensed polyvinyl alcohol. 

Histochemical investigations with polyvinyl alcohol are facilitated 
greatly by the fact that this substance can be traced easily in the various 
tissues and cells by its characteristic and specific color reaction with 
compound solution of iodine. As the chemical forms with formalde- 
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hyde a compound insoluble in water and is insoluble in alcohol and 
xylene, no special precautions are needed in the handling of tissues to be 
used for the histologic demonstration of polyvinyl alcohol. 


SUMMARY 


Polyvinyl alcohol introduced subcutaneously or intravenously into 
rats and rabbits is retained in the organism to an appreciable amount 
and for a considerable time. 

The injected chemical is stored in (@) the reticuloendothelial cells 
of the spleen, liver and lymph nodes, (b) the endothelial cells of the 
blood vessels of the brain, lung and kidneys, (c) the histiocytes of 
various organs and, occasionally, (d) the glia cells and ganglion cells 
of the brain. 

The inner wall of blood vessels is often covered by a coat of poly- 
vinyl alcohol, which may result, especially in the lung, in damage to 
the endothelium, with development of proliferative and obliterative pul- 
monary arteriolar lesions. 

The polyviny! alcohol present in tissues and cells can be demonstrated 
readily in sections by its characteristic and specific blue color reaction 
with compound solution of iodine. 

The character and extent of the organic lesions produced are related 
to the physicochemical properties peculiar to polyvinyl alcohol (large 
molecular size, viscosity of the aqueous solution, precipitability from a 
colloidal liquid state to a particulate solid state by changes of salt con- 
centration, marked resistance to chemical as well as enzymatic metabolic 
degradation ). 





























Case Reports 


PLACENTA ACCRETA 


Harotp H. Noran, M.D., MINNEAPOLIS 


“Placenta accreta” refers to abnormal adherence of the whole or 
of part of the placenta to the uterine wall after labor. The placenta 
does not become detached spontaneously and resists forceful manual 
expression. Irving and Hertig* found placenta accreta in 1 of every 
1,956 deliveries, but Kraul, of Vienna, gave its frequency as 1 in 
every 20,000 births. 

At the University of Minnesota the condition was noted in only | 
of about 28,000 postmortem examinations, but only a very small pro- 
portion of these examinations (under 5 per cent) were made on women 
who died shortly after labor. Among about 30,000 routine surgical 
specimens there was only a single example of placenta accreta. The 
higher frequency noted by Irving and Hertig may have been due to 
the inclusion of cases of partial adherence, a condition which is easily 
overlooked. 

This report deals with 2 cases. In the first the condition was 
observed at postmortem examination; in the second it was disclosed on 
surgical removal of a uterus. 


REPORT OF CASES 


Case 1—A married woman, 31 years of age, consulted a physician on June 
5, 1931, because of “gas on her stomach” and a feeling of abdominal pressure 
after eating. She had 1 child, 11 years old, and had had no miscarriages. The 
menses had been regular, with no abnormal pain or bleeding. There was no 
albumin or sugar in the urine. The physical examination revealed nothing of 
importance except moderate enlargement of the uterus. Curettage was performed 
June 16, 1931, but there is no report of a microscopic examination of the 
curettings. Immediately after the curettage 75 mg. of radium was inserted into 
the uterus and left for twenty-eight hours, giving about 2,100 milligram hours. 
The menses ceased entirely from that time until the summer of 1936, when a 
very scanty flow began. In April 1937 pregnancy of six or seven months was 
diagnosed. On March 21 the blood pressure and urine were normal. On April 
18 the systolic blood pressure was 160 mm. of mercury, and the urine showed 
albumin. On April 26 the blood pressure was 170 mm. of mercury, and the urine 
showed a heavy content of albumin. 

On May 1 the patient was admitted to a private hospital. A few rales were 
heard at the bases of the lungs. The uterus was about 1 inch (2.5 cm.) above the 
umbilicus, and there was pitting edema of the ankles. The fetal heart was heard 
best in the right lower quadrant of the abdomen; the rate was 150 per minute. 
The clinical diagnosis ‘was preeclampsia. It was decided to induce labor. A 
Voorhees bag was inserted at 8:30 p. m. May 1 and was expelled at 2:35 am. 
the next morning. This was followed by the immediate delivery of a footling 


From the Department of Pathology, University of Minnesota. 
1. Irving, F. C., and Hertig, A. F.: Surg., Gynec. & Obst. 64:178, 1937. 
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breech. The baby weighed 2% pounds (1,134 Gm.) and was placed in an incu- 
bator. The mother was taken to the delivery room for repair of a second degree 
laceration of the perineum. Hemorrhage was only moderate. She was put to 
bed with the placenta retained. Two very short convulsions occurred a short 
time after delivery. The blood pressure was about 210 systolic and 120 diastolic. 
At 10:15 a. m. May 2 she grew worse. The blood pressure dropped to 110 
systolic and 80 diastolic. At this juncture 500 or 600 cc. of blood was expressed 
from the uterus. Credé of the uterus failed to express the placenta. An attempt 
to express the placenta manually was unsuccessful. At 11:30 a. m. the blood 
pressure was 100 systolic and 68 diastolic. Large clots of blood were expressed. 
The pulse became weak and irregular. A consultant was called. With much 
difficulty he removed part of the placenta and stated that it gave the sensation of 
being firmly adherent and that no line of cleavage could be found. To stop hemor- 
rhage it was necessary to pack the uterus and the vagina. An intravenous injec- 
tion of 2,000 cc. of dextrose solution was administered, and later a transfusion of 
400 cc. of blood was given. The blood was obviously compatible, and no trans- 
fusion reaction was noted. After this she rallied a little. At 1:45 p. m. the 
respiration became rapid, and she became cyanotic. At 2 p. m. the blood pressure 
was 120 systolic and 80 diastolic; at 2:10 p. m. the systolic pressure was 68. 
A 25 per cent solution of pyridine betacarbonic acid diethylamide (coramine) 
and a solution of epinephrine hydrochloride were administered, and she was 
given inhalations of oxygen with carbon dioxide. At 3:10 the blood pressure was 
120 systolic and 84 diastolic; at 4:30 the skin became cold and clammy. At 
5:15 coramine and epinephrine were given, without any response being observed. 
She was perspiring profusely. At 9 p. m. the respirations became gasping. Intra- 
venous therapy was impossible because of the collapse of the veins. Respirations 
soon failed, and death occurred at 9:30 p. m. 

Numerous examinations of the urine revealed albumin (4 plus), with a specific 
gravity varying between 1.015 and 1.035. A few pus cells and casts were constant 
features. The blood revealed a hemoglobin content of 81 per cent and red cells 
4,250,000 per cubic millimeter. 

No noteworthy changes were found at autopsy except in the liver, kidneys and 
uterus. The liver weighed 1,700 Gm.; there were multiple small hemorrhages 
under the capsule. On section small hemorrhagic areas were seen, more marked 
in the right lobe. Microscopically, these proved to be areas of hemorrhagic 
necrosis characteristic of eclampsia. 

The right kidney weighed 150 Gm.; the left, 175 Gm. Microscopically, there was 
found thickening of the capillary basement membranes in the glomeruli, character- 
istic of eclampsia.? 

The uterus weighed 900 Gm. On the posterior surface was a small myoma, 
measuring about 4 cm. in diameter. There were also a few very small interstitial 
myomas. The placenta was implanted on the posterior wall of the corpus; its 
inner surface was rough, and it was so firmly adherent that it could be torn 
loose only in irregular fragments. The right ovary contained a normal corpus 
luteum. 

Microscopic study of the placenta and the uterus at the site of attachment 
revealed the most striking alteration to be a widespread hyaline degeneration of 
the decidua. Only small islands of normal decidual cells could be found. For 


2. Bell, E. T.: Am. J. Path. 8:1, 1932. 
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the most part the decidual cells had assumed a solid homogeneous appearance 
and cell boundaries had disappeared (fig. 1). Some of the chorionic villi among 
the degenerated decidual cells were also hyaline. The spongy layer of the placenta 
was narrow and inconspicuous. Many of the maternal blood sinuses were Partially 
or completely occluded by thrombi. Numerous small areas of acute inflamma. 
tion were found in the placenta. There were no significant changes in the 
myometrium. The decidual area was narrowed somewhat in certain areas, but 
the villi did not actually penetrate the myometrium. Scattered small foci of 
calcification were present in the region of the decidua and chorionic villi, 





Fig. 1—Photomicrograph of normal human placenta. Note the spongy layer. 


Case 2.—A married white woman, 40 years of age, consulted her physician on 
Jan. 29, 1937, because of profuse uterine bleeding of several days’ duration. 
Menses had begun at the age of 14 years and had always been regular but 
excessive, lasting from five to seven days. Four pregnancies had occurred, all 
with normal spontaneous deliveries and no postpartum complications. There 
was no history to suggest a miscarriage. Because of unusually severe menor- 
rhagia, in January 1932 50 mg. of radium was inserted into the uterus and left 
for twenty-four hours. After this treatment there was no menstrual flow until 
January 1933, after which time the menses were irregular, coming at intervals of 
three to eight weeks; the menses were not painful. In June 1933 injections of 
antuitrin (an extract of the anterior lobe of the pituitary) were given one week 
apart. There was temporary improvement in menstruation. 
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After Nov. 1, 1936, she began to have daily uterine bleedings of small amounts. 
When seen on Jan. 29, 1937, she stated that she had been bleeding profusely for 
about a week. She stated that to her knowledge she was not pregnant. She com- 
plained of pelvic pain, which seemed to be associated with the passage of clots 
of blood. Physical examination revealed an old appendectomy scar and a mass 
in the pelvis. The corpus uteri was found to be enlarged to the size it would 
attain with a three to four months’ pregnancy; it was soft and boggy. The 
cervix showed an old scar and blood escaping from the external os. 





Fig. 2 (case 1).—Photomicrograph of a section of the placenta at its site of 
attachment, showing the hyaline change in the decidua. Foci of calcification are 
evident. 


Numerous urinalyses showed albumin (from a trace to 2 plus) along with 
numerous red blood cells and a few leukocytes. There is no record as to whether 
the specimens were obtained by catheter. The hemoglobin content was 51 per 
cent; the leukocyte count was 24,800, with 91 per cent polymorphonuclear 
neutrophils. Three indirect transfusions of blood, 500 cc. each, were given on 
January 9, 10 and 17. On January 19 supravaginal hysterectomy was done. The 
uterus was large and boggy. When it was opened, the cavity was found to be 
full of clots, and the surgeon saw what appeared to be placental tissue adherent 
to the wall. The other genital organs appeared normal. The uterus was sent to 
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the pathologic laboratory at the University of Minnesota. Grossly, it appeared 
to contain placental tissue, which could be separated from the uterine wall 
with much difficulty. It gave the impression that it was firmly attached. When 
parts of it were forcibly separated, a rough ragged surface was left. In other 
words, no line of cleavage could be found. 

Microscopic study revealed a marked hyaline degenerative change ip the 
decidua, similar to that seen in case 1 (fig. 2). The decidual area was gtijj 
present and was occupied by the hyaline decidual cells. Only a few normal 
decidual cells could be made out. The spongy layer was completely absent 





Fig. 3 (case 2).—Photomicrograph of a section of the placenta at its site of 
attachment. Note the hyaline decidua and the absence of the spongy layer. 


Areas of hemorrhage and inflammation were scattered between the chorionic villi, 
A narrow zone of acute inflammation was found between the chorion and the 
decidua and also between the decidua and the uterine muscle. The blood supply 
to the decidua seemed to be adequate. Areas of subacute inflammation were 
scattered about in the underlying myometrium. 


In the descriptions of placenta accreta in the literature an absence 
or a decrease in the amount of decidua basalis has been stressed. In the 
2 cases presented here a decidual area was found that seemed to be 
about the same thickness as that observed in sections of normal placenta 
(fig. 3). This also seems to be true of numerous photomicrographs in 
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various cases, some of which appeared in Irving and Hertig’s article 
on placenta accreta. The most striking change in the decidua in the 
resent 2 cases was hyaline degeneration and not decrease in thickness. 

It is well known that the placenta separates along its spongy layer. 
Contraction of the uterus decreases the size of the placental site. The 
placenta is relatively inelastic, and it follows that separation must occur 
if there is a cleavage line that offers only a little resistance. This line 
is formed by the spongy layer. Thus, if the spongy layer is deficient, 
spontaneous separation cannot occur, and manual removal will be unsuc- 
cessful, because no line of cleavage will be present. This is apparently 
what occurred in the 2 cases presented. Both showed a definite alteration 
of the spongy layer. 

On considering the underlying etiologic factors involved, the unique 
feature of the 2 cases is that both patients received intrauterine irradia- 
tion prior to conception. Irving and Hertig reviewed the literature of 
placenta accreta and found no cases in which irradiation of the uterus 
was received before pregnancy. Hurdon * mentioned that in many cases 
pregnancy had occurred after irradiation of the uterus for malignant 
and nonmalignant conditions, as much as 10,000 mg. having been given 
for the former and 4,500 mg. for the latter. No notation is made of 
placenta accreta. In the present 2 cases it seems that irradiation before 
pregnancy is the etiologic factor, but, since no similar cases have been 
recorded in the literature, the relationship may be merely coincidental. 

Many investigators believe that previous complications of pregnancy, 
such as endometritis, retention of the placenta, manual expression of 
the placenta and cesarean section, are factors which lead to an infectious 
process which in turn causes the placenta to become adherent. Many 
cases have been reported in which microscopic study revealed areas of 
acute or chronic inflammation. The occurrence of eclampsia in case 1 
is unusual. Irving and Hertig in reviewing the literature found no 
record of a case in which placenta accreta was associated with eclampsia. 

It is true that the placenta in case 1 overlies a myoma. One theory 
is that the ovum becomes implanted in atrophic endometrium overlying 
a myoma and thereby placenta accreta results. In case 1, however, only 
one corner of the placenta overlay the myoma, so that the involvement 
was probably too small to cause more than slight atrophy of the endo- 
metrium, if any at all. 

SUMMARY 


Two cases of placenta accreta are reported in which intrauterine 
irradiation had preceded conception. There was no history. of abnor- 
mality in previous pregnancies in either case. Both placentas showed 
hyaline degeneration of the decidua and poor development of the spongy 
layer. 

The 2 cases suggest that radium therapy before conception is a 
possible etiologic factor in placenta accreta, but in none of the many 
cases of pregnancy following irradiation which have been reported has 
any mention been made of placenta accreta. 

The deficiency of the spongy layer prevents spontaneous or manual 
separation of the placenta. 


3. Hurdon, E.: Proc. Roy. Soc. Med. 28:872, 1935. 






















































































Laboratory Methods and Technical Notes 


A COMPACT DEHYDRATOR 
A New Device for Dehydrating and Embedding Tissues 


GeorGE LupinskKy, A.B., NEw York 


In preparing tissues for microscopic study, a number of diff- 
culties are met. In laboratories where large numbers of specimens 
are being prepared every day, a great deal of valuable time is lost in 
transferring tissues from one solution to another, in corking and 
uncorking numerous bottles and in cleaning those bottles after they 
have been soiled with paraffin or pyroxylin (celloidin). Moreover, 
in pouring solutions out of bottles, bits of tissue frequently are dropped 
and then must be picked up with forceps, often a damaging process 
when very delicate tissues are being handled. 

Probably the most important difficulty encountered is the poor 
penetration of tissue when the pieces are a bit over the optimum size 
and lie on the bottom of a bottle, exposing only one large surface 
to the fluid. This is especially serious when one is embedding tissue 
in pyroxylin. In this work very large blocks of tissue are frequent, 
and thorough dehydration of all parts of the blocks is important. 

In an effort to provide ourselves with some method which would 
overcome as many of. these difficulties as possible, my associates and I 
devised a compact dehydrator, with which we have had excellent results. 
As will be seen, some of its features are based on devices used in the 
autotechnicon. 











DESCRIPTION 





OF DEHYDRATOR 


This dehydrator consists of a series of five round trays, each measuring 3 inches 
(7.6 cm.) in diameter and 3/4 inch (1.9 cm.) in depth, with wire mesh bottoms 
and perforated metal rims, all nested on a perforated metal stage, 3% inches 
(8.9 cm.) in diameter, which is suspended by three rods from a flat metal cover, 
5 inches (12.7 cm.) in diameter. Each tray has removable perforated partitions. 
The trays are nested so that each forms a cover for the one beneath, and a 
perforated disk covers the top tray and is held firmly in place by a rod, which ts 
locked by a turn-screw above the supporting disk. 

The entire device fits into an ordinary pyrex beaker with a smooth rim, the 
supporting disk serving as a cover for the beaker. All parts which come in 
contact with the fluids are made of monel metal. In order to insure thorough 
washing of the tissues, the dehydrator is placed in a metal beaker with an inflow 
tube near the bottom and an outlet near the top, thereby giving a forced current 
through the beaker. Our original model was made to fit into a 1 liter beaker, so 
that it could be attached to an automatic embedding machine. This necessarily 
limited the size of the device. 


From the Department of Neuropathology, College of Physicians and Surgeons, 
Columbia University, and the Neurological Institute of New York. 
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Fig. 1.—Compact dehydrator showing all of the trays suspended in place within 
the pyrex beaker. 





Fig. 2.—Metal trays, partitions, tray holder, and metal container for washing 
tissues. 
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For laboratories where large biocks of tissue or large numbers of small blocks 
are commonly embedded, a larger size which would fit into a 2 liter beaker coujd 
be employed to advantage. When very small bits of tissue are to be dehydrated, 
a lining of extra fine mesh can be inserted in the trays. 


METHOD OF USING DEHYDRATOR 


A short résumé of the procedure employed by us in embedding a typical lot of 
specimens will help to explain our device: The blocks of tissue are placed jp 
the trays and arranged so that they lie flat on the mesh bottom without overlapping 
each other. The removable partitions make it possible to arrange the tissues from 
a number of subjects in a single tray. The trays are placed one above another 
on the platform and are locked into place with the movable lid. The entire device 
is then placed in the metal beaker for washing. After washing is complete, the 
dehydrator is lifted out and placed in turn in each of a series of pyrex beakers 
containing the various dehydrating fluids. 

When the paraffin stage is reached, the dehydrator is transferred to the 
embedding oven, where beakers of melted paraffin are kept. When ready for 
embedding, the movable lid is raised and the trays are lifted out in turn, and 
the tissues are embedded. The empty trays are returned to the carrier and are 
placed in a beaker of waste xylene to remove the paraffin. They are then ready 
for the next lot of tissue. 


Besides the obvious saving in time, we have found that the dehydra- 
tion of our tissues has been greatly improved, owing to the fact that 
the penetration takes place through all surfaces of the blocks of tissue, 
and that a much larger amount of fluid is available (approximately 
twice as much per block as would be available in an ordinary specimen 
bottle ). 

In our laboratory we frequently find it necessary to embed very 
large blocks of tissue in pyroxylin—for instance, complete cross sections 
of the brain. In order to facilitate the penetration of these blocks by 
the dehydrating and embedding fluids and the various mordants 
employed, we are at the present time working on a variation of the 
dehydrator which would substitute stationary mesh stages for the 
removable trays. If found practicable, this device will be reported 
at a later date. 














General Reviews 


CULTIVATION OF THE VIRUSES 


A CRITICAL REVIEW 


MURRAY SANDERS, M.D. 
NEW YORK 


The premise is now generally accepted that living cells are necessary 
for the cultivation of filtrable viruses. Tissue cultures and chorio- 
allantoic membrane preparations have been utilized to this end with 
varying success. The obviously fundamental importance of this work 
has attracted many investigators, and claims for the propagation of 
numerous viruses have been made. It is apparent to any one reviewing 
the field that there is not infrequently lack of agreement in results and 
that there is not a sufficiently definite realization of which viruses have 
or have not been propagated. In my opinion, this is largely due to 
the fact that there has been no universal acceptance of formulated rigid 
criteria. 

The standards for virus cultivation which I shall describe are not 
new. They may even appear obvious and their description repetitious. 
However, they have been determined by the time-tried results of propa- 
gating such viruses as vaccinia, yellow fever and fowl plague. If these 
standards are accepted as the minimal requirements for judging whether 
there has been virus growth, the number of viruses successfully grown 
will be seen to be smaller than has hitherto been assumed. 


STANDARDS FOR THE CULTIVATION OF VIRUSES 


First, one must make certain that what appears to be propagation 
of a virus is not survival of the original inoculum. The mere demon- 
stration of the presence of a virus in vitro does not constitute demon- 
stration of the growth of that virus. Confusion between survival and 
propagation may easily be avoided by carrying the virus through a 
sufficient number of egg passages or culture generations so that the 
original inoculum is diluted beyond the point of possible infectivity. 
Absolute rules as to the necessary number of subcultures cannot be given, 
since the dilution of the inoculum will vary with the amount and the 


In this review superior figures indicate references in the bibliography at the 
end of the article; superior letters designate footnotes. 

From the Department of Bacteriology and the Department of Dermatology, 
College of Physicians and Surgeons, Columbia University. 
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potency of the virus in the beginning and the volume of the preparation 
into which it was inoculated. 

Second, an increase in the potency of the virus must occur. Although 
infectivity after high dilution may be an indication of increased potency, 
quantitative estimates are desirable. The degree of potency may be 
determined by cutaneous tests, by inoculation of animals or, with the 
chorioallantoic preparations, by a count of the lesions produced 
(Keogh "*; Burnet and Lush*). When these methods are not feasible, 
it may be possible to demonstrate the degree of potency by neutraliza- 
tion with convalescent serum, as was done in the case of measles 
(Wenkebach and Kunert **). 

Third, it is desirable that confirmation of claims for the method and 
its results should be forthcoming from one or more investigators. As 
will be seen later, confirmation has been consistent and frequent in 
regard to those viruses which have undoubtedly been propagated. It 
is only in cases in which propagation has not been proved that results 
of investigators seem to be at variance. If this field of investigation 
is to have permanent significance, methods must be evolved which will 
permit consistent, predictable results. 

Fourth, the formation of inclusion bodies in culture preparations may 
be considered presumptive evidence of the propagation of a virus. This 
must necessarily be the least rigid of the criteria, because in some cases 
inclusions have not been found even in vivo and because it is possible 
to show undoubted cultivation of a virus without the presence of 





inclusions. However, if inclusion bodies occur, the evidence for propa- 
gation becomes so much the stronger. 

Fifth, bacterial and viral contamination and spontaneous appearance 
of viruses should be ruled out by periodic identification of the virus under 
investigation. 


METHODS AND MATERIALS 


The in vitro cultivation of viruses utilizes two types of preparations—the 
hanging drop and the flask.2 The hanging drop preparation consists of bits of 
minced tissue (about 1 mm. in the largest diameter) placed in a drop of plasma 
in the center of a small cover slip. A depression slide, with petrolatum on its rim, 
is put over the cover slip, forming a small isolated sterile chamber. The whole 
preparation is then inverted and sealed with paraffin. The simplest hanging drop 
preparation consists of plasma diluted with a salt solution, and tissue. Further 
additions of tissue extracts may be made. This type of preparation involves small 
quantities of tissue and of mediums with correspondingly small inoculums and 
small production of viruses. However, such a system lends itself to accurate 
evaluation of specific components and to observation of microscopic changes asso- 





(a) Detailed consideration of tissue culture methods may be found in exten- 
sive treatises on this subject by Fischer,15* Lewis and Lewis '5* and more recently 
Parker.158 It is to be understood that all steps in this technic are carried out under 
strictly sterile conditions. 
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ciated with the presence of a virus. This is particularly true in studying inclusion 
bodies. It is also possible to vary the technic by using large Maximow depression 
slides and to maintain cultures at will. 

Flask cultures may consist simply of minced tissue (about 1 mm. in the largest 
diameter) in salt solutions. Tissue extracts and plasma may be added. The 
flasks most commonly used are the Erlenmeyer, Carrel, “Collar” (see section on 
yariola-vaccinia) and Roux. One advantage of this type of culture is the pro- 
duction of large amounts of virus. The Carrel flask combines some of the 
advantages of both types of preparations, since it allows microscopic examinations 
at high magnifications and the production of a large amount of virus. 

Salt Solutions —The primary function of a salt solution is to provide a diluent 
containing essential salts in physiologic amounts. As will be seen later, tissues 
not only survive but also proliferate to some extent in the presence of salt solutions 
alone. Virus propagation, too, may take place under such simplified conditions. 

Tyrode’s solution has been most frequently used in tissue culture work asso- 
ciated with viruses. The formula given below has been taken from Parker: }** 


ih SE es. 5 os dine sa aew cen oie 8.00 Gm. 
meet GONG... 5. 5. <s xed etin ks wae can 0.20 Gin. 
ee ee oe ate 0.20 Gm, 
Moammobiions CHIGTEIC ... 5.066.058 sc ceks secs oset 0.10 Gm. 
Sodium acid phosphate ...........6-:c0ssee 0.05 Gm. 
Setieees HORT OUNNE 6 oo. 5. as ido occe hs wave on ce 1.00 Gm. 
NON sé sok dn cass os Roane thee wate 1.00 Gm. 
Water (triple distilled) to make............. 1,000 ce. 
Freezing point.............. 0.62 C. 


According to Parker, cloudiness and high alkalinity may be avoided by placing 
about 850 cc. of triple distilled water in a 1,000 cc. graduate and adding the 
ingredients in the order listed. The chemicals are thus dissolved completely and 
distributed throughout the entire volume. When all ingredients have been dis- 
solved, water is added to make 1,000 cc. The fu should be 7.4 to 7.8. Sterilization 
is done by passing the solution through a Berkefeld or Seitz filter. Tyrode’s 
solution cannot be sterilized by heating because of the presence of bicarbonate. 

I have found Simms’ salt solution very satisfactory. It is made up in two 
concentrated solutions. Fifty cubic centimeters of each solution is added to 900 cc. 
of double distilled water. The advantage of concentrated solutions is great, since, 
by making up relatively small quantities of concentrates, a large store of salt 
solution is insured. 

The formula of Simms’ salt solution, heretofore unpublished, is given here with 
the permission of Dr. H. S. Simms, of the department of pathology, College of 
Physicians and Surgeons, Columbia University. 


Final Concentration, Concentrate, 
Solution A Gm. per Liter Gm. per Liter 
Dee Cite ee oo aes ks 8.000 160.00 
Potassium chloride ............... 0.200 4.00 
Calcium chloride (CaCl, ; 2H,O).. 0.147 2.94 
Magnesium chloride (MgCl,.6H,O) 0.203 4.06 
Solution B 
Sodium bicarbonate .............. 1.010 20.20 
Disodium phosphate (NaHPO).... 0.213 4.26 
SOND oc etc hale Oks bis ean acl note 1.000 20.00 


NE REE iin 0 & Ske 4 blew Raat 0.050 1.00 
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Solution A is autoclaved. Solution B is filtered through a neutral sintered 
5/3 Jena glass filter and kept, stoppered, in the refrigerator. Fifty cubic cent. 
meters of solution A is added to 900 cc. of double distilled water. The whole 
is then autoclaved. Fifty cubic centimeters of solution B is added after autoclaving, 

Several months’ experience with the Simms’ salt solution has shown that tissues 
are maintained in it to a good degree, that its px remains unusually stable and 
that it can be used as a diluent for tissue extracts and serum. Concentration of 
the ingredients in “mother solutions” permits a constant source of supply. The 
presence of phenol red as an indicator allows observation of the px at all times, 

Other salt solutions used by various investigators include Ringer’s, Locke's, 
Drew’s and Hartman’s. 

Tissue Extracts and Plasma.—Tissue extracts made from whole embryos or 
from organs (particularly the spleen) have been added to cultures to provide 
essential growth substances. Carrel and his co-workers contended that embryonic 
extract has the power of promoting cell growth (Parker ’°S) and that only 
through the addition of such extracts are continuous series of tissue cultures 
possible. However, in the propagation of viruses, serial cultivation has not been 
hindered by the omission of tissue extracts. Simms+5® showed that embryonic 
and spleen extracts may contain substances that inhibit growth. 

Plasma provides a permeable coagulum most commonly used for keeping 
tissues stationary in hanging drop and Carrel flask preparations. Growth-producing 
factors seem to be present in the plasma, since cells can be grown in plasma diluted 
with salt solution. Homologous plasma is commonly used but is not essential, 
particularly if homologous serum is also added. Chicken plasma is satisfactory 
for tissues from many species. 

Serum is frequently added to tissue cultures. In the case of at least one 
virus, that of yellow fever, serum was found to be important for propagation, 
Haagen 347¢ was able to show that the growth of this virus was greatly reduced 
when serum was removed from the culture system. 


Tissues.—The all-important cells which provide the living elements for tissue 
cultures have been largely but not exclusively supplied by embryonic tissues. The 
problem lies in selecting a host most gracious, and cells most receptive, to the virus. 

Is the reaction between virus and host in vitro a specific once? The answer 
cannot as yet be given categorically. On the one hand, there is evidence that 
chick embroyonic cells provide some common denominator essential or desirable for 
the propagation of viruses, because many viruses not pathogenic for birds are 
readily grown in their presence. 

On the other hand, there is experimental evidence of definite specificity; for 
example, the fowlpox virus has been grown in tissue cultures containing chick 
cells and also on the chorioallantoic membrane, but when mouse tissue replaced 
chick tissue the virus did not respond (Findlay *). Virus III grew in the presence 
of rabbit tissue but not in the presence of chick cells (Ivanovics and Hyde). 
The virus of foot and mouth disease, which attacks a large number of natural 
hosts, has been propagated with ease in cultures containing guinea pig tissue (see 
section on foot and mouth disease), but egg membrane (Galloway and Elford #°) 
and embryonic chick tissue (Maitland and Maitland 22) produced no growth. 

Recent experimentation with rabies has opened an interesting line of speculation 
in regard to tissue specificity of viruses. In the past, several investigators reported 
that rabies did not grow on the chorioallantois, but when Dawson ®* inoculated 
the virus directly into the brains of the embryos he met with success. What 
had appeared to be a question of specificity was shown to be a matter of varying 
the route of inoculation—in other words, a question of technic. Is it not possible 
that other so-called specific reactions will yield to similar improvements in technic? 
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Investigators are not in agreement as to the state of cells most favorable to 
the propagation of viruses. Parker 158 maintained that functional activity is 
desirable. Plotz,+**> on the other hand, stated that proliferation was necessary 
for optimal conditions of virus growth. This agrees with the findings of Carrel 95a,» 
for Rous sarcoma. Maitland and Maitland 124¢ reported that propagation of a 
virus (vaccinia) could take place in the presence of nonliving tissue undergoing 
marked autolysis. However, when Rivers, Haagen and Muckenfuss 1%2¢ repeated 
that werk, cells were found to be alive after five days and to be capable of pro- 
liferation after removal from the Maitland medium to cover slip preparations. 
Zinsser and Schoenbach 16° found that growth of the virus of equine encephalo- 
myelitis occurred as long as cellular respiration increased, but that the rickettsia 
of typhus propagated as cellular respiration decreased. 

Maitland and Maitland 2? noted that the amount of virus growth was inde- 
pendent of the amount of tissue growth. Hallauer 274 maintained that he was able 
to propagate the virus of fowl plague for 30 culture generations without tissue 
growth at 30 C. According to Magill and Francis,#°® too small or too large 
amounts of living cells may be detrimental to virus increase. Hecke 2!¢ found 
approximately the same rate of virus multiplication when 1 or 10 pieces of tissue 
were placed in cultures, but when 20 pieces were used, the virus increased at a 
faster rate. 

Concerning the ratio of tissues to fluid medium, it has been suggested by Li and 
Rivers 1*1 that 0.1 Gm. to 4 to 5 cc. is optimal. However, in larger cultures they 
used 2 to 4 Gm. of tissue in 15 cc. of Tyrode’s solution. According to Plotz,1*1> 
too much fluid may be harmful, and with little fluid the tissues have a better 
opportunity for aeration. Parker 15® stated that when tissue cultures are used 
for the cultivation of viruses the ratio between mediums and tissues should be greater 
than under normal conditions. 

It is apparent that optimal cultural conditions vary with different viruses. Some 
viruses have the ability to grow under widely varied conditions, while others 
apparently require more rigidly controlled environments. The virus of vaccinia, 
for example, appears to grow equally well in a nutritive system such as the chorio- 
allantoic membrane © and in a preparation as simple as tissue and Tyrode’s solution. 


AVIAN POX (FOWLPOX) 

Tissue Cultures.—In 1928 Findlay ** and Loewenthal * succeeded in 
cultivating the virus of fowlpox for a small number of generations. 

Flask cultures containing embryonic chick brain and skin were used 
by Findlay, who was able to demonstrate by the fourth generation a 
level of potency 20 times that of the original virus. However, the fourth 
subculture showed a decrease in titer from that of the second and third 
subcultures. This work was later repeated by Bierbaum and Gaede, 
who maintained the virus for 12 culture passages but were unable to 
transmit the disease to mice. 





(b) The technical aspects of chorioallantoic preparations have not been dis- 
cussed here. Detailed consideration of this technic can be found in the following 
studies: Burnet 1°; Burnet 25%; Goodpasture, Woodruff and Buddingh 123; 
Woodruff and Goodpasture.188 
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Although the virus of fowlpox is usually considered as having bey 
successfully cultivated, the evidence indicates that the propagation was 
only temporary and that the increase in potency was small ang 
unpredictable. 

Chorioallantoic Preparations.—The egg membrane has shown more 
promise for the propagation of fowlpox virus than have tissue cultupe 
methods. The virus of fowlpox was the first studied by Woodruf 
and Goodpasture *** in 1931. More interested in the pathologic magi. 
festations than in the increase in potency, they made a thorough study 
of the former and neglected quantitative estimates of the latter. They 
found that the macroscopic pathologic picture was more easily analyzed 
when a dilute inoculum was used. In two days small opacities that 
represented ectodermal proliferation were visible. The lesions were less 
sharply defined than those of vaccinia and revealed only a minimum 
degree of inflammation and necrosis. In five days some lesions reached a 
diameter of 1 cm. 

It was the experience of Woodruff and Goodpasture ** and of 
Burnet *°* that the virus retained its pathogenicity for fowls after 
repeated egg passage. Cytoplasmic inclusions (Bollinger bodies) were 
consistently present in almost every cell in the central portion of the 
lesion, becoming smaller and less frequent toward the periphery and 
absent at the edge. Quantitative estimates of increases in potency were 
made by the pock-counting method.’ 

Specific antibodies, previously shown to exist by Findlay,®” were 
demonstrated by the reaction of immune serums.on infected egg mem- 
branes (Burnet and Lush *). The method whereby the number of lesions 
on the membrane may be proportionately reduced by contact with 
immune serum is an important development of the chorioallantoic mem- 
brane technic and one which might well be applied to the identification 
of other viruses. 

In the opinion of Burnet *®* vaccine prepared from egg passage 
fowlpox virus would be efficacious and safe, but it has not been used to 
date. 

CORYZA 

Tissue Cultures—In 1917 Foster * inoculated filtrates of nasal secre- 
tions into tubes containing rabbit kidney and ascitic fluid covered by a 
layer of liquid petrolatum. A second culture generation was thought 
to be pathogenic for man, but this fact was not confirmed. 

Since that time the evidence for propagation of the coryza virus 
has been more definite. In tube preparations containing one half of a 
minced chick embryo and Tyrode’s solution or buffered bouillon (1 : 2,000 
cysteine hydrochloride added), Dochez, Mills and Kneeland *” were 
able to maintain the virus for 15 and 17 subcultures and to cause severe 
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“colds” in human volunteers with material from final subcultures of the 
series. Powell and Clowes* repeated this work, carrying the virus 
through 31 culture generations, and demonstrated more severe symp- 
toms in volunteers inoculated with later subcultures than in those inocu- 
lated with early culture material. Evidence of virus growth was the 
infectivity of cultures after the dilutions of the original inoculum had 
reached 1: 1027 (Powell and Clowes *). 

Dochez, Mills and Kneeland “ provided further confirmation when 
they obtained severe symptoms by inoculating the fiftieth transfer of a 
series cultivated under anaerobic conditions. The same generation of a 
culture grown aerobically caused no symptoms. They reported that 
transfer of cultures had to be carried out every two to three days to 














maintain the virus strain. 
In view of the definite confirmation, the large number of subcultures 


and the increases in potency (as measured by dilution of original inocu- 
lums), the propagation of a filtrable agent capable of producing symp- 
toms referable to the upper respiratory tract should be acknowledged. 







Chorioallantoic Preparations —Material from the third generation on 
chorioallantoic preparations produced moderately severe “colds” in 
human volunteers (Kneeland, Mills and Dochez™). The original 
inoculum consisted of 0.2 cc. of a concentrate of a filtrate of material 
from the nasopharynx of a patient suffering with an acute head cold. 
A similar amount of ground-up chorioallantoic membrane was used as 








the passage inoculum. Although no quantitative estimate was made, 
the great dilution of the original inoculum seemed to indicate propaga- 






tion of the virus. 

Pathologic examination of the infected egg membrane revealed small 
opaque foci, similar to those described for influenza. In spite of the 
similarity of lesions, the authors concluded that there was no relation- 
ship between the virus which they investigated and that of influenza. 

It is apparent that in this case tissue culture methods produced better 
results than the chorioallantoic technic. Confirmation with more exten- 
sive egg transfers is desirable before propagation by this method can 










be conceded. 






ECTROMELIA 









Tissue Cultures—Downie and McGaughey * cultivated the virus of 
ectromelia for 7 culture generations in preparations of mouse embryonic 
tissue, mouse serum and Tyrode’s solution. The increase in potency of 
the final culture was estimated at 6 X 10.‘* The authors noted degen- 
eration of cells and could demonstrate the virus in both the tissue and the 
mediums of the cultures. When serum was not added or when embryonic 
chick tissue replaced the mouse tissue, multiplication of the virus still 
occurred. However, at no time was the virus pathogenic for young 
chickens. Inclusion bodies were noted in explanted cells. 
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The same authors also demonstrated *°” that immune serum when 
added to infected cultures did not neutralize or destroy the virus, 
although increase was hindered. 

Although the evidence for propagation appears to be consistent, 
further confirmation with greater numbers of subcultures is desirable 


Chorioallantoic Preparations—The virus of ectromelia was cult. 
vated on the chorioallantois by Burnet and Lush® and by Paschen™ 

Paschen reported 18 successful egg passages. As the number of 
egg transfers increased, embryonic death occurred more frequently, and 
pathologic changes in the membrane became more marked. ~ Inclusion 
bodies could be seen in stretch preparations. 

Burnet and Lush stressed the fact that virus growth occurred only jf 
eggs were incubated at 36 to 37 C. They found also a seasonal variation 
in the effectiveness of eggs. During the spring season the cultivation of 
the virus was more difficult than in the winter and summer. In the 
latter seasons passage of the virus could be done at will. 

The pathologic changes noted by both groups of authors were essen- 
tially similar. Ectodermal proliferation and necrosis were apparent as 
small opaque foci with occasional satellite forms. If eggs were incubated 
at 36 to 37 C., death of the embryo was regular and occurred between 
the third and foufth days. At the usual temperatures of incubation 
survival of the embryo was the rule. 


ENCEPHALITIS (JAPANESE B) 


Tissue Cultures—Successful propagation of the virus of encepha- 
litis (Japanese B) was observed for 16 culture generations in the pres- 
ence of embryonic chick liver (Haagen ***) and for 40 subcultures in 
the presence of embryonic chick heart (Haager and Crodel **”). The 
results have been consistent. With a dilution of 1: 1,000,000 of the 
fortieth culture transfer, Haagen and Crodel were able to infect 3 of 3 
mice (intracerebral inoculation). However, when rabbit testicle replaced 
the chick tissue, no growth of virus took place. The authors also tried 
testicular and splenic tissue from young adult rabbits and mice. The 
cells were bathed for fifteen minutes in an emulsion of infected mouse 
brain and then explanted into hanging drops of plasma and embryo 
extract. In general, adult testicle was better than spleen. No difference 
in the affinity of cells for the virus was noted among various embryonic 
tissues. 

The large number of subcultures, the consistency of the results and 
the high dilution at which the cultures showed activity bear weight for the 
propagation of this virus. Further confirmation is desirable and appears 
to be only a matter of time. 
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Chorioallantoic Preparations.—Haagen *** reported 42 egg passages, 
with increased virulence in the last passage. Haagen and Crodel **” 
infected 3 of 3 mice with a 1: 10,000,000 dilution of the seventy-fifth egg 
generation. They put 3 drops of a 10 per cent emulsion of infected 
mouse brain into the chorioallantois of eggs incubated for fourteen days 
and used an emulsion of the membrane for egg passage inoculums. 
After the twenty-third passage, serum was added to the Ringer’s solu- 
tion as diluent to offset the deteriorating action of this solution. Egg 
transfers were done every three days. Macroscopically, a fibrinous 
exudate was apparent on the membrane, but on histologic examination 
only infiltration with inflammatory cells was noted in the ectoderm and 
mesoderm. Nuclear and cytoplasmic changes in the ectodermal cells 
suggested inclusion bodies. The virus was present in the heart, brain, 
liver, spleen and blood of the embryo, as demonstrated by the infectivity 
of these tissues for mice, but no pathologic change was noted on micro- 
scopic examination of the embryonic tissues. 


ENCEPHALITIS (ST. LOUIS) 


Tissue Cultures—The St. Louis virus has been successfully propa- 
gated in the presence of embryonic mouse brain by Syverton and 
Berry,*® Harrison and Moore ** and Schultz, Williams and Hethering- 
ton.* These groups recorded 19, 26 and 16 transplants, respectively. 
Schultz, Williams and Hetherington reported activity at a dilution of 
10, but the other two groups agreed on virulence at a dilution of 10 
regardless of which subcultures were tested. With immune serum added 
to the cultures, mice were protected against infection at dilutions of 10-°, 
10~ and 10~* (Harrison and Moore **), 

When embryonic chick tissue was substituted for embryonic mouse 
brain, propagation also occurred (Harrison and Moore ***). When adult 
mouse brain was used, only 6 culture generations were successful 
(Schultz, Williams and Hetherington). 

Chorioallantoic Preparations.—This virus has been passed through 7 
and 10 (Harrison and Moore ***), 15, 16 and 22 (Schultz, Williams 
and Hetherington **) and 68 egg generations (Smith **). 

In the recent work of Smith*® the original inoculum consisted of 
about 0.1 cc. of an infected mouse brain which was virulent for animals 
at a dilution of 10~*. There was no evidence of increasing adaptation 
of the virus to the chorioallantois, and virulence was consistently marked 
at a dilution of 10~* regardless of the egg generation. Interestingly 
enough, the brains of mice dying as a result of inoculation with virus 
from the sixty-seventh egg passage were virulent in exactly the same 
dilution as the original inoculum, namely, 10-*. However, there can be 
no question of propagation of the virus if notice is taken of the tremen- 
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dous final dilution of the original inoculum. A possible explanation of 
the persistence of activity at a dilution of 10~* is that virus growth 
rapidly attains and keeps a definite level in tissue cultures or in chorig. 
allantoic preparations. 

The pathologic changes noted by Harrison and Moore '* were jp 
essential agreement with those observed by other investigators. Cloudy, 
proliferative lesions with central necrosis and with involvement of aff 
layers occurred in the membranes in four to seven days. No lesions were 
found in the embryos, although they frequently died, and virus could he 
recovered from the brain, liver, spleen and membranes. If the chicks 
were allowed to hatch, some paralysis occurred, and virus was obtained 
from their tissues. Later, the same authors **® demonstrated extensive 
perivascular cuffing with mononuclears in some of the brains. 


EQUINE ENCEPHALOMYELITIS 
Tissue Cultures—The virus of equine encephalomyelitis was sue 
cessfully propagated by Olitsky, Cox and Syverton *** in 1934. It was 
transmitted through 53 culture generations in flasks containing chick 
embryo and Tyrode’s solution. The forty-ninth subculture caused death 
in mice at a dilution of 10.° The increase in potency was estimated 


quantitatively at 10.°* The following year Cox,’* using a similar prep- 


aration, was able to show that rapid multiplication of the virus occurred 
in seventy-two hours. He cultured amounts of virus too small to be 
detected by animal inoculation and after incubation of the cultures found 
a virus concentration of at least 1: 10,000. Lethal animal doses were 
obtained after further dilution of 1: 10,000. 

Chorioallantoic Preparations —Higbie and Howitt *® passed ground 
embryonic brain from egg to egg and succeeded in maintaining a strain 
of equine encephalomyelitis for 7 and 8 egg passages. Both the chorio- 
allantoic membrane and the brain of the embryo caused infection im 
guinea pigs. Grossly, the infected membrane appeared patchy, gray, 
edematous, thickened and opaque. The virus was recovered from the 
heart blood of the embryo. The egg was easily used as a means of 
estimating the neutralizing ability of immune serum. 

Covell '* studied the microscopic changes in chorioallantoic prepara- 
tions inoculated with this virus and found inclusion bodies in the brains 
of the chick embryos but not in the membranes. 


FOOT AND MOUTH DISEASE 


Tissue Cultures.—Definite multiplication in twenty-four hours was 
noted by Hecke ** when he cultivated the virus of foot and mouth disease 
in hanging drops of embryonic guinea pig skin. He maintained the 
virus for 22 culture generations over a period of one hundred and 
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thirty-one days. Since tissue necrosis was marked at 37 C. and caused 
destruction of the virus, Hecke incubated the cultures at 30 C. and 
found that the necrotic process was slowed while the virus still propa- 
gated. At 37 C. the cultures were maintained for only forty-nine days. 
A parallel series at 30 C. was cultivated for eighty-one days. Increased 
potency was demonstrated by comparing the infective dilutions of 1 : 1,000 
to 1: 10,000 of early cultures with the infective dilutions of 1: 10,000,000 
of later cultures. Virus propagation also occurred when adult guinea pig 
testis was used, but it was slower and lasted only during 8 culture 
passages. Fetal lung allowed virus increase through 15 culture genera- 
tions over a period of seventy-six days. Hecke **” later repeated this 
work with similar results. 

Maitland and Maitland ** failed to propagate the virus in cultures 
of chick embryo in Tyrode’s solution and chicken plasma. However, 
when the contents of a vesicle from an infected guinea pig were inocu- 
lated into cultures of the pads, lips and tongue of a guinea pig, cultivation 
of the virus was observed through 17 subcultures. The last subcultures, 
representing a dilution of the original inoculum of about 4.8 « 10, were 
infectious.*® They were stored in the refrigerator for three months, 
and further subcultures were then made, which showed an increase in 
virus after incubation in 50 cc. of medium in Roux bottles. The highest 
titers 1: 10,000 were observed after three or four days of incubation. 
Four guinea pigs which had recovered from infections induced by cul- 
tures were immune to normally infective doses from guinea pigs vesicles. 
It was also possible to cultivate the virus in embryonic guinea pig kidney 
and, to a lesser degree, in adult guinea pig kidney. 

Hecke *** found that the virus of foot and mouth disease was much 
more closely combined with the cells than with the fluid components of 
these preparations. This finding was confirmed by Striegler,?* who was 
able to cultivate the virus through 62 passages over a period of three 
hundred and sixteen days with an estimated increase in potency of 
10.°* He noted that the virus survived in Drew’s solution for three 
weeks; if glycerin was added, this period was extended eight weeks. 


Chorioallantoic Preparations.—Galloway and Elford *° showed that 
after inoculation into the chorioallantoic membrane the virus did not 
survive twenty-four hours and that the embryo was unaffected. They 
made use of this fact in establishing a quick effective method for distin- 
guishing the virus of foot and mouth disease from vesicular stomatitis. 


FOWL LEUKOSIS 
Tissue Cultures—Furth and Stubbs **” in 1934 were the first to 
report passage of the virus of fowl leukosis in tissue cultures. Leukemic 
cells were cultured in Carrel flask preparations which contained plasma, 
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embryonic extract, chicken serum and Tyrode’s solution. After 19 
passages a supposedly pure strain of chicken sarcoma was inoculated into 
chickens and caused erythroleukosis ; the authors felt that two strains of 
leukosis had been simultaneously cultivated. It was noted that the 
ability to produce erythroleukosis decreased with the disappearance of 
primitive blood cells. 

Temporary maintenance of chicken leukemic cells was reported by 
Verne, Oberling and Guérin.*® Hanging drop and Carrel flask prepara. 
tions were used, but loss of virulence in nineteen and fifteen days, 
respectively, was detected as the cultures became fibroblastic in character, 

Furth and Breedis *** experimented with various leukemic strains jn 
preparations of chicken plasma, Tyrode’s solution and embryonic extract, 
Transfers were made once a week. A strain of myeloblastic leukemia 
after 7 culture transfers infected about 50 per cent of the chickens inocy- 
lated and multiplication of the virus occurred only in the presence of 
round cells (myeloblast-like). The virus was maintained at least sixty- 
two days. 

The same authors were able to produce osteochondrosarcoma and 
lymphomatosis in 1 of 3 chickens. They used a strain which had been 
maintained in cultures for ninety-one days. Partial success occurred 
with leukotic spleen tissue passed through 5 culture generations. They 
were also able to maintain a strain of sarcoma-leukosis for sixty-seven 
and one hundred and fifty-eight days. 

As a result of their experiments Furth and Breedis stated that 
“oncogenic viruses multiply in vitro only in presence of cells on which 
they confer neoplastic properties.” If such a view is correct, the propa- 
gation of this group of viruses resolves itself into a problem of the 
cultivation of neoplastic cells. From the evidence to date, propagation 
has been only temporary. 

FOWL PLAGUE 


Tissue Cultures—In 1931 Hallauer * reported cultivation of the 
virus of fowl plague for 9 subcultures over a period of eighty-eight days. 
Because he felt that virus growth had occurred at 8 C., a temperature 
which obviated viability of cells, he later *"® attempted to establish 
growth in a cell-free medium but was unsuccessful. Increased viru- 
lence was demonstrated when embryonic chick brain was used in Carrel 
flask preparations. The highest concentration of virus occurred during 
the tourth day of cultivation and was followed by a rapid loss of 
potency. However, when the Maitland type of culture was used, virus 
growth was more gradual and fall in titer slower. 

Using Erlenmeyer flask preparations of chick embryonic tissue in 
Drew’s solution, Plotz *** was successful in passing the virus through 
15 cuture generations with dilution of the original inoculum to 248~. 
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Plotz and Ephrussi **" demonstrated the ability of normal tissue to 
proliferate if transferred after seven days from the fluid medium to 
hanging drop preparations. However, if tissue from infected flasks 
was taken, proliferation rarely occurred because of cellular damage 
wrought by the virus. The same authors **! also showed that the virus 
of fowl plague was able to propagate in the presence of cells which 
were viable but not in a state of proliferation.. Under such circum- 
stances tenth passage virus in a dilution of 1:1,000,000 was able to 
infect and kill a chicken. 

By using a strain of virus cultivated on embryonic chick liver cells, 
Hallauer 2° was able to immunize chickens in two weeks against mas- 
sive doses of virus. The liver tissue appeared to have the faculty of 
lowering virulence without reducing antigenicity. The inactivation of 
the virus in these cultures depended on the amount of inoculum, the 
degree of cellular proliferation and the duration of cultivation. In 
vitro experiments with immune serum * yielded results similar to those 
reported by Rivers, Haagen and Muckenfuss with vaccinia. When 
immune serum was added to the explanted tissue before the addition 
of virus, neutralization of the virus occurred; when it was added after 
the cells had been in contact with the virus, little or no neutralizing 
effect was observed. 

Plotz **»¢ reported that the virus of fowl plague in tissue cultures 
increased 50 times in twenty-four hours and 100 times in forty- 
eight hours. After 28 culture transfers a dilution of 1: 1,000,000 
was fatal to chickens. He found also that too much or too little tissue 
in the cultures inhibited the formation of virus. In another series of 
experiments ***° he noted that embryonic canary was as favorable a 
medium for this virus as embryonic chick. 

By 1934 Plotz *** had cultivated a strain of virus for two and a 
half years, making subcultures every three days. And in 1937 he 
reported propagation of the strain for five years, through 250 culture 
generations.*** 

As is apparent from the evidence, the virus of fowl plague can be 
grown at will, under known conditions, with predictable definite results. 

Chorioallantoic Prefarations—Burnet and Ferry ** reported pas- 
sage of this virus through chorioallantoic preparations. The primary 
purpose of their investigation was to differentiate the virus of fowl 
plague from that of Newcastle disease. No reference was made to 
the number of egg passages, but apparently no difficulty was encouti- 
tered in transmitting the disease from egg to egg. There was no dif- 
ference in action between the Brescia and African strains of this 
virus. 

Within fourteen to eighteen hours after inoculations of the chorio- 
allantois the embryo died; death could be delayed slightly by diluting 
the inoculum. Aside from an increase in moisture, slight edema and an 
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occasional opaque area, no characteristic changes in the membrane were 
noted. Tht embryo showed generalized congestion, with some diffuse 
hemorrhage into the skin. The principal pathologic differences between 
fowl plague and Newcastle disease (in egg preparations) appear to he 
the characteristic distribution and the circumscribed appearance of 
the hemorrhages produced in the embryo by the latter disease, 


HERPES SIMPLEX 


Tissue Cultures——Propagation of the virus of herpes simplex 
through 10 culture generations was reported by Parker and Nye * jp 
1925. These authors used an emulsion of infected rabbit brain or testis 
as the original inoculum in a hanging drop which contained normal 
rabbit testicular tissue in plasma from an infected rabbit. The virys 
was not demonstrable after the tenth subculture, and no quantitative 
estimate of increased potency was made. 

Confirmation of the first success with this virus has been ample, and 
in most cases similar preparations containing rabbit testicles have been 
used (Gildemeister, Haagen and Scheele ** ; Andrewes *° ; Saddington™: 
Haagen **). Virus propagation, however, has also occurred in the 
presence of chick embryonic tissue (Haagen **”) and rabbit cornea 
(Mitamura, Kitaoka, Watanabe and Ohkubo *°). 

Although herpes simplex appears to offer no great difficulties for 
in vitro cultivation, only one investigator (Haagen ***) was able to show 
the virus present after 60 culture generations over a period of seven 
months. Other investigators reported 10 (Haagen *), 22 (Gilde- 
meister, Haagen and Scheele **), 23 (Andrewes *°), 25 (Saddington ®) 
and 15 (Mitamura, Kitaoka, Watanabe and Ohkubo **) successful sub- 
cultures. The question which presents itself is why propagation cannot 
be carried on indefinitely. The possibility suggested by the author's 
experience is that the dilution in culture to culture passage may be too 
great. If large transfers were made in late subcultures, more exten- 
sive propagation might occur. 

The maintenance of virulence and the presence of inclusion bodies 
in herpes cultures appear to run hand in hand. Gildemeister, Haagen 
and Scheele ** found no inclusion bodies in tissue cultures and noted 
attenuation of the virus and loss of neurotropism. Andrewes,” on 
the other hand, demonstrated inclusion bodies in cultures similar to 
those in testis and other organs of the living infected rabbit. At the 
same time he found that his strain did not lose its neurotropic properties 
but reached a level of potency of at least 1:4  10-*8. The presence 
of inclusion bodies in vitro was confirmed by Rivers, Haagen and 
Muckenfuss.** Andrewes also reported that the virus propagated and 
formed inclusion bodies in cultures of immune testis and normal serum. 
However, if immune serum was put into the cultures before virus 
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was added or together with it, no inclusion bodies were formed. In 
the absence of immune serum the virus infected normal tissues within 
one-half hour at 17.5 C. or at 37 C. It propagated and formed inclu- 
sions in spite of a subsequent addition of immune serum. The virus 
was found to infect immune tissues within forty-five minutes at 37 C. 

Chorioallantoic Preparations—The virus was first inoculated into 
chorioallantoic preparations by Dawson.** Small nodules were seen on 
the membrane within thirty-six hours, but only one reinoculation was 
made. Proliferation and necrosis characterized the pathologic picture, 
and intranuclear inclusions were present. Other nonspecific cellular 
changes occurred. When Burnet ** attempted to repeat this work 
with two well known herpes strains, the membrane showed weak lesions 
without visible inclusions. 

Saddington ** reported 24 egg passages with maintenance of virulence 
in the final generation. Transfers were made every four days, and 
virulence of the membrane was tested by inoculation into the corneas 
of rabbits and the brains of mice. This work was later repeated 
by Burnet, Lush and Jackson,*® who passed herpes strains through 50 
generations of eggs and noted increased pathogenicity for the embryos 
with extended passage but, at the same time, decreased virulence for 
animals. Specific intranuclear changes occurred, but these changes were 
different from the typical intranuclear inclusions. 


HERPES ZOSTER 


Tissue Cultures ——Glaubersohn and Barg** in 1934 inoculated the 
contents of herpetic vesicles into hanging drops made up of chick embryo 
heart tissue, rabbit plasma and Tyrode’s solution. After incubation for 
four days at 37 C. and two days at room temperature, the culture material 
was inoculated into the arm of an infant. The results were one positive 
reaction, i. e., vesicle formation, and one negative reaction. No sub- 
cultures and no estimate of increases in potency were made. As Glauber- 
sohn and Barg suggested, the presence of virus in the tissue cultures 
may have been due to survival of the original inoculum. 

Chorioallantoic Preparations—In 1936 de Castro Teixeira *° inocu- 
lated the contents of herpetic vesicles into chorioallantoic membranes 
of twelve to thirteen day eggs. He reported 3 egg passages in which 
yellowish plaques with depressed centers and irregular contours occurred 
at the point of inoculation. At more distant points pinhead-sized lesions 
were disseminated. The potency was not titrated nor was the virus 
identified. Confirmation by use of this technic has not been forthcom- 
ing. On the basis of available evidence, the zoster virus appears not 
to have been propagated. 
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HOG CHOLERA 

Tissue Cultures —The virus of hog cholera was propagated tempo- 
rarily in tissue culture by Hecke“ in 1932. Various hog tissues 
were explanted in both hanging drop and flask preparations. Because of 
the predilection of the virus for tissues rich in endothelium, cultures were 
made up of choroid plexus, lymph nodes, bone marrow, spleen and 
kidney. Hanging drops of choroid plexus in plasma and spleen extragt 
were infectious for 15 culture passages. Flask cultures of bone marrow 
in plasma and Drew’s solutions maintained virulence through 10 trans. 
fers, while lymph node tissue in similar preparations showed the presence 
of virus after 20 passages. Lymph node cultures were grown over a 
period of one hundred and five days, and increased potency was demon- 
strated by infectivity after a dilution of the original inoculum of 10” 
There was a dilution of the original virus of 10 *° in 14 generations of 
spleen (flask) cultures. In controls, which contained virus without cells, 
virulence was lost after eighteen days. Transfers made of the controls 
showed loss of virus in the second transfer. All cultures and con- 
trols were incubated at 37 C. 

INCLUSION BLENNORRHEA 

Working independently, Braley and Thygeson ** attempted to culti- 
vate the virus of inclusion blennorrhea in Carrel flask preparations of 
human conjunctival tissue, Tyrode’s solution and human serum. The 
results were uniformly negative. Chorioallantoic preparations were 
tried by Thygeson, with no results. 


INFECTIOUS BRONCHITIS OF CHICKS 

Chorioallantoic Preparations ——Beaudette and Hudson * passed 
through chorioallantoic preparations a virus that produced fatal bron- 
chitis in chickens which had been vaccinated against infectious laryngo- 
tracheitis. Berkefeld filtrates were used as the inoculums. Fourteen 
egg passages were reported, with an apparent increase in virulence. 
From the seventh generation on, the mortality of the embryos increased 
and the period of incubation decreased. The chorioallantoic membranes 
did not show lesions comparable to those of infectious laryngotracheitis 
or of the poxes. No histologic studies were done. 


INFECTIOUS LARYNGOTRACHEITIS OF FOWLS 
Chorioallantoic Preparations —Burnet *"* passed the virus of infee- 
tious laryngotracheitis of fowls through 7 egg membranes but found 
a decrease in virulence. When he repeated the experiments with twelve 
day instead of ten day eggs, the results were more indicative of virus 
propagation.*** This time he was apparently able to pass the virus 
through eggs at will. 
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Brandly ** repeated the work of Burnet and found the chorioallan- ti 
tois to be a good source of vaccine. When immune serum and virus i 
were mixed together, no lesions appeared on the membrane. The Hi 
potency of the cultivated virus varied directly with the number of 
visible lesions. These findings were confirmed by Beaudette in 1937.** 

Investigators are essentially agreed as to the pathologic manifesta- 
tions on the egg membrane. Within twenty-four to thirty-six hours | 
there were seen on the chorioallantois minute grayish foci, increasing 
in number to the sixth day. Some opacities became 3 to 5 times as rH} 
thick as the normal membrane. They were surrounded by characteristic i 
“double-zoned” plaques (Burnet) and occasionally showed central 
necrotic depressions. The degree of edema varied. The pathologic i 
process was characterized at first by proliferation and infiltration and i 
later by necrosis and degeneration. Death of the embryo occurred in 
two to twelve days. As the number of egg passages increased, the time 
of survival of the embryo decreased. Generalized edema and anemia 
of the embryo were common. 

One of the principal features of the disease caused by this virus 
was the formation of inclusion bodies, which occurred frequently in 
the ectodermal layer. The following description is taken largely from 
Burnet’s monograph on the egg membrane.’** Inclusions were present ii 
for from twenty-four hours to as long a time as the virus was main- 
tained on the chorioallantois. They developed first as small intra- 
nuclear granules. At the same time the nucleolus was enlarged. The 
cells containing intranuclear inclusions degenerated. Usually, the nuclei 
became enlarged, the nuclear membrane indistinct, and the cytoplasm 
granular and pale staining. Liquefaction and ballooning of cells 





occurred. In younger eggs the necrosis was occasionally more marked, 
and areas of ectoderm, in which the majority of nuclei contained inclu- 
sions, appeared to die and to be separated from the inflamed underlying 
mesoderm. Inclusion bodies were not seen in the mesoderm but some- 
times occurred in the entoderm if the inoculation was made beneath 
the chorioallantois. 
INFLUENZA 

Tissue Cultures—The virus of influenza was cultivated in vitro by 
Francis and Magill *® by inoculating lung tissue from infected mice into 
flasks of Tyrode’s solution and chick embryo. The tenth culture gen- 
eration produced infection in mice. Virulence was maintained for 20 
successive subcultures. When serum from ferrets which had recovered 
from this disease was injected into the mice, the culture material failed 
to cause pulmonary lesions. The same authors * repeated this work 
with the viruses of human and swine influenza and found the greatest 
concentration of virus occurring in thirty-six to forty-eight hours, with 
a decrease in potency in the next twenty-four hours. A swine influenza : 
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strain was cultivated for 70 generations and the Philadelphia humap 
strain for 45. Ferrets and mice succumbed to culture dilutions of 
1: 1,000 and 1: 10,000, and in recovered animals a high concentration of 
antibodies was noted. Mice were successfully immunized by subey. 
taneous and intraperitoneal inoculation with the culture material. Ang. 
bodies were apparent in persons who had been inoculated with cultured 
virus. 

Smith °° started with a strain of virus which had been cultivated 
in chorioallantoic preparations and passed it through 6 generations of 
tissue culture preparations similar to those used by the aforementioned 
investigators. He found that the virus was much more closely asso- 
ciated with the tissue than with the fluid component of the cultures, 

Chorioallantoic Preparations—Successful propagation of the virus of 
influenza on egg membranes for 10 and 14 egg passages was noted 
by Smith *° and Burnet,*** respectively. 

According to Burnet, 3 of 4 eggs revealed definite characteristic 
lesions, which on macroscopic examination appeared as small opaque 
edematous foci, about 0.5 mm. in diameter. The central opaque spots 
were frequently surrounded by lighter halos. Microscopically, slight 
focal thickening of the ectoderm, with occasional necrosis of cells, was 
seen. The superficial cells were somewhat necrotic, while the deeper 
cells underwent proliferation. The height of the infectious process 
occurred in forty-eight hours. It was followed by reparative activity, 
which led to cornification of cells near the areas of necrosis. In the 
opinion of Burnet, the changes preceding necrosis -were not specific. 
Eosinophil migration to the membrane was also noted. 

Burnet *°* and Burnet and Lush **® observed that the pathogenicity 
of the influenza virus for egg preparations became more marked after 
many passages. Burnet found that after the fifty-second passage the 
embryos were killed between the fourth and fifth days of incubation 
and that after the sixty-third passage death occurred on the third day. 
Dead embryos at first showed only congestion of the abdominal viscera, 
but later hemorrhagic encephalitis was present. By the seventy-sixth 
passage multiple hemorrhages were noted in the muscles, skin and brain. 

Burnet and Lush **” compared the W. S. and Melbourne strains, 
which had become adapted to egg preparations by repeated passages. 
These strains were equally virulent for embryos but differed in virulence 
for animals. Unlike the Melbourne strain, the W. S. strain was 
pathogenic for ferrets and mice. Good immunity occurred regularly 
in mice inoculated with the Melbourne strain. 

The ability of four groups of investigators to pass the influenza virus 
consistently through eggs, coupled with the clearcut reactions between 
cultivated virus and immune serums, testifies to definite propagation on 




















SANDERS—CULTIVATION OF VIRUSES 559 


the chorioallantoic membrane. Although the evidence for cultivation 
in vitro is less striking, it indicates at least temporary growth. 


KIKUTH’S CANARY VIRUS 

Tissue Cultures——In 1933 Herzberg * propagated Kikuth’s canary 
yirus in a tissue culture preparation of embryonic chick in Tyrode’s solu- 
tion. The original inoculum was a single drop of blood from the heart of 
an infected canary. After ten days the culture material produced an 
infection in canaries. Virulence was apparent after 10 culture genera- 
tions, and the presence of inclusion bodies in the cultures was also noted. 

Chorioallantoic Preparations.—In the same year Burnet *™* was able 
to cultivate the canary virus on the chorioallantois with little difficulty. 
Egg passages were made every five days, and 8 transfers were done. 
The lesions of the membranes, as might be expected, were similar to 
those seen in the bird poxes. Ectodermal proliferation in the form of 
opaque patches in the membranes was noted along with some necrosis 
and inflammation. Large cytoplasmic inclusion bodies were frequently 
seen. Burnet and Lush **” confirmed the fact that this virus could be 
grown on the chorioallantois and compared the canary virus and the 
virus of fowlpox serologically. 


LOUPING ILL 


Tissue Cultures——Rivers and Ward ** were successful in passing 
the virus of louping ill through 11 subcultures in preparations of chick 
embryo, monkey serum and Tyrode’s solution. The original inoculum 
was a 10 per cent emulsion of infected mouse brain. The fourth and 
eighth subcultures in dilutions of 10~* caused death in mice. 

In view of the small number of culture generations and the absence 
of confirmation in vitro the cultivation of this virus should be considered 


Chorioallantoic Preparations.—Burnet *** inoculated the virus of 
louping ill into the chorioallantoic membrane and found this membrane 
to be a more sensitive indicator of the presence of the virus than the 
mouse brain. In a short time the virus was present in the blood, and 
death of the embryo usually occurred five or six days after inoculation. 
Hepatic damage was marked. 


LYMPHOGRANULOMA VENEREUM 


Tissue Cultures.—The evidence presented for propagation of the virus 
of lymphogranuloma venereum is not consistent, and there is definite 
disagreement in the conclusions drawn by various investigators. 

Meyer and Anders © reported maintenance of the virus through 6 
generations in flask preparations containing guinea pig kidney, testis and 
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25 per cent guinea pig serum in Tyrode's solution. There was a final 
dilution of the original inoculum of about 1: 64,000,000, but they were 
unable to obtain positive results with the Frei test in man when the 
culture material was used instead of human pus. However, inoculg. 
tion of cultures into guinea pig inguinal glands caused inflammatory 
changes in about 50 per cent of the cases. This work was repeated by 
Miyagawa and his collaborators **® with little or no success, 

Tamura °® inoculated diluted infected pus into test tubes which con. 
tained guinea pig liver or kidney in Tyrode’s solution. He asserted 
that cloudiness developed in the supernatant fluid and that the cloudiness 
could be transferred to new tubes even after filtration of the culture 
through a Berkefeld N filter. On staining with eosin-Giemsa stain, the 
supernatant fluid showed “peculiar granules.” Control tubes remained 
clear, but it should be noted that these tubes, instead of being inoculated 
with inactivated virus, received no inoculum of any kind. This investi- 
gator reported 24, 12 and 14 transfers. Fluid from the twenty-third 
subculture gave a skin reaction similar to a positive Frei reaction, 
When | cc. of the supernatant fluid was inoculated into the groin ofa 
guinea pig, adenitis resulted in two to three days. The inflammation 
underwent spontaneous resolution, but subsequently, in three or four 
weeks, sensitivity of the skin was apparent. Here, again, repetition of 
the procedure by Miyagawa and his co-workers °° yielded no results, 
However, D’Aunoy, von Haam and Lichtenstein *° reported partial 
confirmation through 3 culture passages. Another failure to demon- 
strate increased potency of the virus with a preparation similar to 
Tamura’s was reported by Voet.*° 

Miyagawa, Mitamura, Yaoi, Ishii and Okanishi °*” inoculated infected 
mouse or squirrel brain into large hanging drop preparations of adult 








mouse testicle, brain or spleen, guinea pig plasma and mouse spleen 
extract. Second culture generations produced skin reactions of varying 
degrees resembling those to the Frei test and caused infection in mice. 
These investigators were able to stain intracellular “granulocorpuscles” 
in cultured tissue, but no statement is made as to further culture 
passages. 

Malamos *** reported formation of inclusion bodies in hanging drop 
cultures of adult rabbit cornea after forty-eight hours’ incubation. The 
source of the virus was an infected mouse brain. After cultivation of 
the virus for forty-eight hours, the in vitro material was inoculated 
into mice and caused typical symptoms.‘ 

(c) Three strains of the lymphogranuloma virus have been maintained by 
Sanders and Gersh (unpublished data) in preparations containing embryonic 
guinea pig brain and ultrafiltrate of ox serum. Increased potencies of 1,000 times 
have been demonstrated, and consistent results have been obtained with animal 
inoculations and skin tests. 
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Chorioallantoic Preparations —Miyagawa and his co-workers °™* were 
able to transmit the virus to mice after 5 egg passages and were also able 
to demonstrate the presence of “granulocorpuscles” in the brains of these 
mice. Nauck and Malamos ** transmitted the disease to mice after 3 
and 6 egg passages. According to these investigators, the membrane 
was lightly affected by single large spots. Unlike the previous workers, 
they were unable to demonstrate inclusions in the egg preparations. 

In view of the lack of agreement among investigators of this virus, 
the small number of generations reported in most cases and the lack of a 
demonstrable increase in potency, it appears that the virus of venereal 
lymphogranuloma has been, at best, cultivated temporarily. 


NEWCASTLE DISEASE 

Tissue Cultures ——Topacio ® cultivated a strain of avian pest virus 
for 31 culture generations, over a period of one hundred and twelve 
days, in Carrel flasks containing chick embryo tissue, Tyrode’s solution 
and chicken plasma. Since each subculture was diluted 1:30 and since 
the final subculture was infective for chickens, there was no doubt of 
virus propagation. Recovered birds were found to be immune to doses 
of virus that normally were lethal, and subinfective doses of the cultivated 
virus could be given as a vaccine. 

Aside from pyknosis of the nucleus, intracellular changes were not 
seen. There was no evidence of predilection for any tissue; the virus 
grew best on minced whole embryo. 

Chorioallantoic Preparations.—A study of two strains of this virus on 
the chorioallantois was made by Burnet and Ferry ** in 1934. They found 
that the embryos were consistently killed within twenty-four to forty- 
eight hours. The membrane, extremely susceptible to the virus, was 
moist and edematous. Ectodermal proliferation and necrosis occurred, 
but the lesions were not sufficiently definite to permit titrations of 
potency by the counting method. Pathologic changes were not confined 
to the ectoderm. The mesoderm showed exudation, hemorrhage and 
edema. A characteristic effect of the virus on the embryo was the pro- 
duction of small, circumscribed hemorrhages in developing feather fol- 
licles. If small amounts of immune serum were used to retard the virus 
action, the embryo survived somewhat longer, and the lesions of the 
membrane were smaller and more localized. 


PACHECO’S PARROT DISEASE 


Chorioallantoic Preparations—Rivers and Schwentker * passed the 
virus of Pacheco’s parrot disease in the chorioallantois for 6 generations. 
In a preparation incubated three days they noted opaque spots at the 
point of inoculation and distant discrete foci. Embryonic death occurred 
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usually from the third to the fifth day after inoculation. Occasional 
white spots were present in the liver, kidneys and spleen. 

Microscopic examination of the infected membrane revealed ecto. 
dermal proliferation and necrosis. There was heavy inflammatory ingj- 
tration into the mesoderm, with inclusion bodies in both ectodermal and 
mesodermal cells. When the liver, kidneys and spleen were affected, 
they showed necrosis of cells and inclusions. 

The final egg generation was infective for budgerigars. Chicks } 
or 2 days old could be infected, but transmission from chick to chick 
was unsuccessful. 

The pathologic changes appeared to be specific, but the number of 
egg passages reported was small, and there has been no confirmation of 
this work. Consequently the cultivation of this virus should be consid- 
ered as only temporary. 

POLIOMYELITIS 


Tissue Cultures.—Propagation of the virus of poliomyelitis through 
16 culture generations in preparations containing embryonic chick brain, 
monkey serum and Tyrode’s solution was claimed by Gildemeister.™ 
Subcultures were made every three or four days, and on the sixteenth 
transfer inoculation of the culture into a monkey produced the disease. 
Estimates of increased potency were not made. Gildemeister’s work 
was confirmed by Pauli,®* with 6 subcultures, but Plotz °’ and Sabin 
and Olitsky * were unable to repeat it. 

Sabin and Olitsky ®* passed the virus through various human tissues 
in Tyrode’s solution. The brain, cord, lungs, liver, kidney and spleen 
from a 3 to 4 month old human embryo were stored in the refrigerator 
for nine days. During this time portions of 100 mg. weight in 4.5 ce. 
were incubated at 37 C. in 50 cc. Erlenmeyer flasks. Each flask was 
inoculated with 0.5 cc. of filtrate from a 5 per cent poliomyelitis cord 
suspension. Titration of the original inoculum showed 50 minimal lethal 
doses. Subcultures were made every three days, and a single embryo 
was used for 3 culture transfers. In this series, only preparations which 
contained nerve tissue were capable of infecting monkeys. One cubic 
centimeter of material from the sixth culture generation when inocu- 
lated into a monkey produced flaccid paralysis, which could be 
reproduced in animal series by using Berkefeld N filtrates. Histologic 
examination and serologic and other animal tests proved the infection 
to be poliomyelitis. 

Attempts of these authors to cultivate the virus in chick embryo brain 
failed until a third culture transfer from human tissue was passed into 
chick brain. The virus was then maintained for 3 more generations. 
The authors were also unable to pass the virus in monkey cord tissue 
and mouse embryonic brain. 
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The opinion was expressed by Plotz * that the virus of poliomyelitis 
had been only maintained in tissue cultures, probably without real propa- 
gation. When one considers the conflicting results of work with chick 
embryonic tissues and the small number of culture passages in human 
tissues with no subsequent confirmation, such an opinion appears to be 
justified. 

PSEUDORABIES 

Tissue Cultures —In 1933 Traub ** reported successful transmission 
of the virus of pseudorabies through 49 subcultures on chick embryonic 
tissue in Tyrode’s solution. The final transfer was infective for mice 
on intraperitoneal injection. At this time it was noted that the disease 
produced with cultured virus had a shorter period of incubation, ran a 
more rapid course and was associated with larger lesions at the site of 
inoculation than the disease due to animal passage virus. Intranuclear 
inclusions were found in cultures. 

he same author * later reported 6 passages of the virus in cultures 
made of immune guinea pig testis, Tyrode’s solution and homologous 
serum. Dilution of the original inoculum was definitely apparent, but no 
estimate of potency was made. 

Chorioallantoic Preparations—The virus was passed through 6 egg 
membranes by Mesrobeanu * and through 57 egg membranes by Burnet, 
Lush and Jackson.*® The former author found no change in virulence 
for animals, but the latter group noted decreased virulence for rabbits and 
mice. 

PSITTACOSIS 


Tissue Cultures——In 1932 Bedson and Bland ™ first reported culti- 
vation of the virus of psittacosis in hanging drop preparations of mouse 
serum, salt solution (or chick embryonic extract) and mouse spleen. 
When normal spleen was used, it was allowed to stand for an hour in 
the refrigerator in the presence of a fresh psittacosis filtrate. Other- 
wise, infected spleen tissue was used as the explant. After seventy-two 
hours of incubation at 37 C. a thousandfold increase in potency was 
noted. When the cultured tissues were stained with Giemsa or with 
a modified Castaneda stain (solution of formaldehyde and Borrel blue 
with safranin counterstain), intracellular inclusions were found. 

This work was repeated by Bland and Canti,"® who used, in addition 
to mouse spleen and minced chick embryo, chick embryo lung, leg 
muscle and skin. ‘They studied the cycle of development of inclusion 
bodies and found fibroblasts from leg muscle and cutaneous epithelium 
best suited for such work. Cultures were stained (Giemsa), examined 
by dark field illumination and by transmitted light, and photographed by 
means of the microcinematograph. Extracellular formation of inclusions 
was not seen. During the first eight hours elementary bodies appeared. 
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During the next forty hours large homogeneous masses developed and 
the smaller elementary bodies decreased. By the end of seventy-two 
hours the small forms were not visible. 

Successful propagation of this virus in chick embryo tissue (Levin. 
thal *°) and in embryonic chick liver (Haagen and Crodel **) has algo 
been reported. During the course of his work with embryonic chick 
tissue Levinthal noted a definite predilection of the psittacosis virus for 
endothelial and epithelial cells. 

The marked increase in potency, the extensive observations of 
inclusion formation in vitro and the consistent confirmation leave little 
doubt that this virus has been propagated. 

Chorioallantoic Preparations——Chorioallantoic inoculation with the 
virus of psittacosis was easily done in 1935 by Fortner and Pfaffen- 
berg ** and by Burnet and Rountree.** According to the latter, numer. 
ous circumscribed conical lesions appeared on the thickened membrane 
three days after incubation. Histologic examination of the inclusion 
bodies gave results in agreement with the descriptions published by 
Bland and Canti. At the height of infection in the membrane specific 
changes were found in the surface cells. Beneath these cells was a 
necrotic layer, which contained many leukocytes and which covered a 
rather thick stratum of uninfected proliferated ectoderm. The top 
ectodermal cells were flattened and cornified and served to limit the 
infectious process, so that when the necrotic cells were sloughed, the 
process did not extend to the embryo. 





RABBIT FIBROMA 


Tissue Cultures —Faulkner and Andrewes ™ passed an inflammatory 
strain through 10 culture generations in flask cultures and hanging 
drop preparations. Rabbit testicular tissue, normal rabbit serum (or 
plasma) and Tyrode’s solution were used. Spleen extract was added 
to the hanging drops. The titer, originally 1: 10,° was increased by 
the eighth subculture to at least 1: 10.9 Inclusion bodies were not seen in 
the cultures. 

The same investigators were unable to maintain a fibromatous strain 
of this virus and noted that the gradual decrease in potency corre- 
sponded with degeneration of the cultivated tissues. 

In view of the small number of culture passages, confirmation of 
this work is desirable before propagation of the virus of rabbit fibroma 
(inflammatory strain) is credited. 


RABBIT MYXOMA 

Tissue Cultwres.—The virus of rabbit myxoma has been successfully 
maintained for 20 subcultures in flask preparations containing mononu- 
clear cells (Benjamin and Rivers **; Plotz **) and for 30 passages in 
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hanging drop cultures of rabbit testicular cells (Haagen *). Kidney, 
lung, white blood cells and lymph gland tissues have also been used 
with some success (Haagen *°). 

Actual propagation of the virus has been demonstrated by an 
increase in potency of 100 times after incubation in culture, and of 
10,000 times after further transfers (Benjamin and Rivers). Plotz 
observed an increase of potency of 40,000 times by the seventeenth 
subculture, and Haagen, a dilution activity of 1 x 10.° The latter 
investigator also noted that increase in virulence was much more marked 
when normal cells were added to the virus-containing tissue. Plotz 
demonstrated that the virus did not survive more than fourteen days 
without transfer. 

Although confirmation has not been extensive, the consistent results 
obtained by the three groups of investigators, the moderately high 
number of culture passages and the marked increases in potency justify 
grouping this virus with those propagated in vitro. 

Chorioallantoic Preparations—The virus of myxoma has been cul- 
tivated on egg membranes by Lush *' for 26 passages and by Haagen 
and Dscheng-Hsing ** for 20 egg generations. Although both investi- 
gators are agreed that this virus grows readily on the chorioallantois, 
they differ as to the pathologic changes produced and as to the virulence. 

According to Lush, incubation at 36 C. was more effective than 
the usual incubation at 39 to 40 C. He noted that ectodermal prolifera- 
tion was the principal change in the membrane, that the embryo suf- 
fered no damage and that no inclusion bodies were present in the 
membrane or in the embryo. Haagen, on the other hand, found, in 
addition to proliferative changes, hemorrhages and cellular infiltration, 
with inflammatory changes in the mesoderm and entoderm. By the 
third day death of the embryo occurred, and in later egg passages the 
life expectancy of the embryo was reduced to two days. As a final 
point of difference Haagen claimed to have found inclusion bodies in 
epithelial and connective tissue cells. 

Since both Haagen and Lush experienced little difficulty in grow- 
ing the virus on the chorioallantois, the difference in findings might well 
be accounted for by variation in the potency of strains. In this respect 
it is interesting to note that Lush found no difference in the character 
of the virus after passage, while Haagen observed an increase in viru- 
lence. However, since neither series was very long, such a discrepancy 
appears unimportant. The fact remains that growth of the virus occurred 
in egg preparations. 

RABIES 

Tissue Cultures—The first demonstration of the maintenance of 
fixed virus in nerve tissues of monkeys was that by Levaditi ** in 1914. 
Although six to thirty-seven day cultures produced rabies in 5 of 6 




































































566 ARCHIVES OF PATHOLOGY 


monkeys, Levaditi felt that conservation of virulence rather than propa- 
gation of the virus had occurred. Later Stoel ** passed infected rabbit 
or mouse brain through preparations containing either chick or rabbit 
skin or Rous sarcoma or mouse carcinoma for 4 culture transfers. How. 
ever, no quantitative estimates of increase in potency were made, and 
the small number of transfers precluded definite evidence of vyipys 
growth. 

More positive evidence of propagation was reported in preparations 
of embryonic rabbit (Kanazawa **), embryonic mouse (Webster and 
Clow ***-»; Bernkopf and Kligler **; Schultz and Williams **), embryonic 
mouse brain (Bernkopf and Kligler **) and embryonic chick tissye 
( Webster and Clow **). 

The number of successful culture passages has varied from 7 (Bern- 
kopf and Kligler) and 10 (Kanazawa) to 16 (Webster and Clow; 
Schultz and Williams) and 42 (Webster and Clow). The titers of 
infectivity of various subcultures have not exceeded 1: 1,000 (Kana- 
zawa; Webster and Clow). 

In attempting to use culture virus as an immunizing agent, Webster 
and Clow *”” noted that mice receiving one intraperitoneal injection 
of the material were protected against 100 cerebral doses of street virus, 
Subcutaneous vaccination was not effective. Dogs were also immunized 
by use of the culture virus. 

Although the number of culture transfers of rabies virus has not 
been high, consistent confirmation of the work and the relative ease 
with which increases in potency have been obtained justify placing 
this virus with those that have been propagated. 

Chorioallantoic Preparations——Attemps to propagate the virus of 
rabies on the chorioallantoic membrane were unsuccessful previous to 
1939. Waldhecker * reported negative results after 9 attempts with 
various strains. Schultz and Williams ** experienced similar lack of 
success in 12 attempts to inoculate the egg membrane. 

Dawson ** recently reported successful passage of the virus of rabies 
through 12 egg generations. The virus was originally present in the brain 
of a rabid dog and was passed through a mouse. Both the dog and the 
mouse brain contained Negri bodies. Egg to egg transfer was done 
every six or seven days with the exception of the first egg generation, 
which was passed after four days. An emulsion of embryonic brain 
was used as passage material and was inoculated directly into embryonic 
brain for the next generation. Aside from the death of several embryos 
between the sixth and the eighth day after inoculation, there was no 
clinical evidence of rabies. As a rule, the embryos appeared to be 
healthy and, in the opinion of this investigator, would have hatched if 
they had not been put to death. Microscopic examination of embryos 
six and seven days after inoculation revealed many Negri bodies and 
acute neuronal necrosis. 
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When virus was inoculated into the brain, eye and thigh, on the 
chorioallantois and into the amnion of separate embryos, respectively, 
only the embryos inoculated in the brain and eye showed evidence of 
virus proliferation and the presence of Negri bodies. In 2 cases in 
which the virus was inoculated on the chorioallantois, the embryos were 
allowed to hatch and were apparently healthy. 

The successful results noted by Dawson are particularly interesting 
in view of past failures to transmit this virus through egg preparations. 
The complete lack of response on the part of the chick embryo appears 
to have been due to choice of an unsatisfactory route of inoculation 
rather than to inability of the embryo to provide receptive cells for the 
virus. 

RIFT VALLEY FEVER 

Tissue Cultures—Mackenzie * inoculated material from the heart 
or liver of an infected mouse into chick embryonic tissue in Tyrode’s 
solution and was successful in transmitting the virus of Rift Valley 
fever through 13 culture generations without loss of virulence. Dilution 
of the original inoculum was estimated at 1:1.5  10.** Saddington ™ 
repeated this work and reported a series of 12 subcultures, the final 
culture of which was virulent for mice. 

Chorioallantoic Preparations—Saddington ** transferred the virus 
through 5 eggs and noted constant virulence for the embryos. Inflam- 
matory and necrotic changes were seen in the membranes and in the 
livers. 

RCUS SARCOMA 


Tissue Cultures—In 1926 Carrel *™ stated that the Rous sarcoma 
could be grown at will in cultures of chicken leukocytes in small quan- 
tities of plasma, Tyrode’s solution and embryonic extract. Subcultures 
were made every two to three weeks. When pure strains of normal 
fibroblasts were grown in the presence of the virus, the cultures were 
not capable of producing tumors in chickens. This finding was con- 
sistent with previous reports by the same author that filtered extracts 
of Rous sarcoma deteriorated in the presence of fibroblasts * and 
multiplied readily in the presence of leukocytes.*™* 

Further substantiation of the predilection of this virus for white 
blood cells was reported by Carrel and Ebeling ** while they were 
investigating the changes involved in the in vitro formation of fibro- 
blasts from monocytes. They noticed that fibroblast formation in tissue 
cultures was hastened on addition of Rous virus to white blood cells. 
The resulting cells appeared to be “resistant” or “immune” and were 
unable to produce tumors. 

Carrel **¢ also inoculated sarcoma filtrates into cultures in which the 
cellular components were in various stages of proliferation, viability 
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and death. He found that the virus could survive in the presence of 
dead cells but could multiply only when cellular proliferation occurpeg. 

Chorioallantoic Preparations—Keogh ** reported in 1938 that the 
virus of Rous sarcoma could be transmitted easily in chorioallantoje 
preparations. At the time of this report 30 egg passages had been done. 
Infections obtained with dilutions of 10~* in doses of 0.05 ce. in the 
later passages were good evidence of increased potency. Filtrates of 
the chorioallantois obtained with graded collodion membranes produced 
characteristic lesions in fowls. Titration of the virus on the membrane 
was done by inoculating dilute filtrates, which produced localized circum. 
scribed lesions. 

Usually no changes appeared in the membrane for three days after 
inoculation. A pathologic condition became apparent about the seventh 
day, and in Keogh’s opinion, was typical of Rous sarcoma. The patho- 
logic change was at first limited to the ectoderm except for slight inflam- 
matory changes in the mesoderm. In addition to large central tumors, 
small, discrete, thickened, pearly lesions in the ectoderm were noted, 
which on microscopic examination revealed marked proliferation of this 
layer. As extension of the lesions took place, cells proliferated not only 
in lateral directions but also downward into the mesoderm. Peripheral 
cells stained in a manner suggestive of cornification. The cells which 
invaded the mesoderm were anaplastic, with large, homogeneously 
stained nuclei and an abundance of mitotic figures. 

The results reported by Keogh are particularly interesting in view 
of their apparent contradiction of the extensive investigations of Carrel. 
It must be remembered that in the egg the principal pathologic altera- 
tion is initiated by ectodermal cells, and even extension of the lesions 
seems to be ectodermal. The conclusiveness of the results leaves little 
doubt that Rous sarcoma can be propagated both in tissue culture and 
on the chorioallantois. It is probable that future investigations will 
explain what appears to be an inconsistency at present, namely, why 
fibroblasts seem to exert a more baneful influence on the virus in tissue 
cultures than in egg preparations. 


RUBEOLA (MEASLES) 

Chorioallantoic Preparations——Magarinos Torres and de Castro 
Teixeira *’ reported inconclusive results with the chorioallantoic prepa- 
rations. Egg membranes were inoculated with vesicle contents. The 
only pathologic change which they noted was localized proliferation of 
ectodermal cells, appearing as pale pinhead-sized nodules about the 
point of inoculation. Five passages were reported. 

Much more definite evidence for virus propagation was presented 
by Wenkebach and Kunert,°* who inoculated on the chorioallantoic 
membrane 5 cc. of blood taken from patients in the prodromal stages 
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of the disease. Virulence was tested by inoculating 0.5 cc. of convales- 
cent serum into eggs containing the virus and previously incubated for 
varying periods of time. As controls, normal adult serum and con- 
valescent poliomyelitis, varicella and herpes simplex serums were used. 
Neutralization occurred only with the measles convalescent serum. 
Lesions could not be transmitted from egg to egg after addition of the 
specific serum, and when infected blood came in contact with the chorio- 
allantois there appeared small opaque whitish spots, which varied in 
size from that of a pinhead to that of a lentil seed. In one series the 
lesions were transmitted through 13 egg passages, for a period of one 
hundred and fifty-six days. Thirteen strains were tried, and the authors 
contended that any series could be maintained at will. In 1 instance 
the virus after the fifth egg passage produced lesions at a dilution of 
1 : 60,000. 

The method used by Wenkebach and Kunert suggests a possible 
solution for the problem of testing viruses which are not transmissible 
to experimental hosts (e. g., varicella). In the case of measles further 
confirmation is desirable before propagation of the virus is considered 
definite. 

SHEEP POX 
Tissue Cultures——Bridré *® inoculated flasks containing sheep tes- 
ticular cells, serum and Drew’s solution with fresh material. The 
fourth subculture was active at a dilution of 1: 10,000 and produced 
typical lesions in sheep. No growth of the virus occurred after four- 
teen days. 

In view of the small number of subcultures, the quick loss of virus 
and the lack of confirmation, the propagation of sheep pox virus in 
tissue culture should be regarded as questionable. 


TRACHOMA 


Tissue Culture—In 1937 Harrison and Julianelle ** reported uni- 
formly negative results in an impressive study of the virus of trachoma, 
a study which included many types of tissue cultures. Inoculums. 
explanted tissues and mediums were varied in more than 1,100 tissue 
cultures but, according to the authors, the virus did not even survive, 
although its presence before inoculation had been frequently proved by 
animal infection. No inclusion bodies were found. Similarly Busacca *° 
and Thygeson’®* were unable to demonstrate propagation of the 
trachoma virus. 

Poleff,"°? however, asserted that he was successful in passing the 
virus through 5 subcultures in a modified Maitland medium described 
by Nigg and Landsteiner.*** He also maintained that within two to 
three days there was a characteristic membrane formation of cells in 
culture and that inclusion bodies were present and were transmissible 
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to the rabbit by intraocular inoculation. A rabbit infected in this manner 
was used as a further source of infection for 2 other animals, No 
mention was made of increase in potency. 

In view of the negative results reported by the majority of workers 
and the small number of passages noted in the single claim to success, 
trachoma should be considered as not having been grown in vitro, 

Chorioallantoic Preparations—Harrison and _  Julianelle*™ and 
Thygeson *** observed no propagation when egg membranes were inocu- 
lated with trachoma. 

VARICELLA (CHICKENPOX ) 

Chorioallantoic Preparations—De Castro Teixeira’®* reported 1] 
egg passages of lesions which originally had been caused by inoculation 
of the chorioallantois with the contents of a varicella vesicle. Histo- 
logically, the lesions were yellowish irregular nodules with adjacent areas 
of blanching. Other lesions, approximately the size of a pinhead, were 
disseminated at points distant from the site of inoculation. Titration of 
potency was not done, and confirmation has not been forthcoming. 


VARIOLA-VACCINIA 


Tissue Culture.—In 1906 Aldershoff and Boers!” were the first to 





report successful maintenance of vaccinial virus outside the living body, 
Placing infected corneal tissue in a sterile “humid chamber” and appar- 
ently unaware of the significance of new cells, they stressed only the 
fact that Guarnieri bodies appeared after twenty hours. The experiment 
was repeated with hanging drop preparations of rabbit or guinea pig 
corneal tissue by Steinhardt, Israeli and Lambert **** in 1913 and by 
Steinhardt and Lambert ***” in 1914. This time, notice was taken of the 
role of living cells and of the increase in potency of the virus from 6 to 10 
times. In the following year Harde,™® using rabbit and guinea pig 
testicular cells in a similar preparation, obtained an increase in, viral 
potency. 

Since these first successes numerous investigators have reported 
propagation of vaccinial virus in tissue cultures of all types. The virus 
appears to grow well in the presence of many tissues. Good results 
have been obtained with rabbit testicle (Plotz **'*; Parker and Nye **"; 
Mervin and Schmerling***), corneal tissue (Craciun and Oppen- 
heimer **2"¢; Rivers, Haagen and Muckenfuss ****), embryonic chick 
(Carrel and Rivers’; Li and Rivers ?*!; Rivers ****; Rivers and 
Ward ***8), chicken kidney ( Maitland and Maitland ***°; Rivers, Haagen 
and Muckenfuss ‘**”) and rabbit kidney (Muckenfuss and Rivers ™*; 
Haagen ***?), 

It is apparent at once that the tissues mentioned in the foregoing 
paragraph have one factor in common; i. e., they are all rich in epi- 
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thelium, a finding consistent with the specific cellular predilection which 
yaccinia has shown in the past. Among others, Craciun and Oppen- 
heimer #4?” and Nauck and Robinow +2" have cultivated the virus in pure 
epithelial cultures. Haagen — went a step further and tested the 
affinity of the virus for various tissues. He ascertained that it could be 
maintained for only several culture generations if fibroblastic tissue pre- 
dominated in the preparations and that epithelial and endothelial cells 
were necessary for growth of the virus. 

Propagation of the virus has been shown to occur in vitro when the 
cells were viable but not proliferating (Rivers, Haagen and Mucken- 
fuss 22”; Plotz ***”), as well as in the presence of living, actively pro- 
liferating cells (Craciun and Oppenheimer **”*; Steinhardt, Israeli 
and Lambert **°*; Williams and Flournoy ***; Hirano**). The exten- 
sive tolerance of the virus of vaccinia for variations of cellular metabo- 
lism is emphasized by the important contribution of Li and Rivers,’** 
who succeeded in growing the virus in a preparation of chick embryo 
tissue and Tyrode’s solution. The cultivation of a virus was thus 
reduced to a matter of the simplest of in vitro preparations—living cells 
plus a balanced salt solution. This work was later confirmed by 
Rivers,’*** Rivers and Ward **** and Plotz ***”), who respectively suc- 
ceeded in passing vaccinial strains through 15, 90 and 150 culture 
passages. 

The growth requirements of vaccinial virus were further studied 
by Maitland, Laing and Lyth,’**” who found a correlation between the 
surviving respiratory activity of tissues and their suitability for pro- 
moting growth. Testis, kidney, liver and spleen, in descending order, 
were effective for respiratory function. Moreover, growth occurred to a 
much better degree in the wide, well aerated Carrel flask than in a 
narrow test tube. 

Increased potency of this virus in tissue cultures has been frequently 
demonstrated. As technics have been improved and data concerning 
growth requirements accumulated, the increases in potency have attained 
higher values. Thus, in 1914 Steinhardt and Lambert **°» observed an 
increase in potency of 6 to 10 times, while in 1925 Parker and Nye 12° 
reported a multiplication of virulence of 51,000 times in the eleventh 
generation, and Maitland and Maitland **** in 1928, an increase in 
virulence of 25 < 10. Other high increases were noted by Carrel 
and Rivers *°® of 40 to 400 times after eight days of cultivation and by 
Muckenfuss and Rivers '** of 10 to 1,000 times after each culture 
generation. 

Confirmation of the presence of inclusion bodies in in vitro cultivation 
of vaccinia has not been lacking. . In addition to reports by earlier 
workers (Aldershoff and Boers’; Parker and Nye), Rivers, 
Haagen and Muckenfuss,’**° Rivers and Ward ™** and Haagen ***" 
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reported the presence of these bodies in cultures. According to Plotz% 
plasma and proliferating cells are important factors in the production of 
inclusion bodies. 

Investigations of immune reactions in vaccinial tissue cultures haye 
yielded somewhat conflicting results. Preparations containing plasma 
and corneal tissue of immune animals, or normal tissues to which immune 
serum had been added, did not support growth of the virus (Steinhardt 
and Lambert **°”; Nye and Parker ***). However, according to Rivers 
and Ward,!*** vaccinial virus survived at least forty-eight hours jn 
cultures of immune cornea in normal plasma and to a lesser extent 
in cultures of immune cornea in immune serum. When normal cornea 
was inoculated in vitro with virus and then cultivated in antivaccinial 
plasma, typical lesions with Guarnieri bodies occurred in twenty-four to 
forty-eight hours. If, however, immune cornea was used in normal or 
antivaccinial plasma, a mild reaction or no reaction at all occurred. Asa 
result of these findings, Rivers and Ward hypothecated that once 
virus has combined with the cell, it cannot be neutralized by addition 
of immune substances. This was borne out by Rivers, Haagen and 
Muckenfuss,***4 who observed that immune corneas inoculated and cul- 
tivated in immune plasma showed very mild infection with only occa- 
sional Guarnieri bodies. 

It is not surprising that results of such investigations are not always 
consistent with immune reactions in the living body, since one is dealing 
with an isolated simple system and not with a coordinated complex 
organism, in which multiple immune mechanisms.are at work. An 
example of the caution necessary in applying in vitro manifestations 
to in vivo conditions may be seen in the work of Beard and Rous,™ 
These authors noted that the activity of vaccinial virus was reduced 
when a mixture of the virus and Kupffer cells was allowed to stand fora 
few minutes before intradermal injection. This apparently confirmed 
Ledingham’s observation that in skin into which india ink had been 
injected there was no reaction to the virus, owing, he thought, to 
mobilization of Kupffer cells in response to the ink. However, when 
Beard and Rous cultivated the virus of vaccinia with Kupffer cells in 
vitro, the virus proliferated very well during the first six or seven days. 
It seems, as was suggested by the authors, that some condition present 
in vivo allowed an antiviral substance to be present in Kupffer cells. 

The logical outgrowth of in vitro cultivation of the virus of vaccinia 
was its use in jennerian prophylaxis. In 1931 Rivers,’*** using a vaccine 
of tissue culture virus, successfully vaccinated 3 infants, and in the fol- 
lowing year 7 positive reactions were similarly reported by Herzberg." 
In 1933 Rivers and Ward **** reported 100 typical lesions obtained in 
118 vaccinations. 
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Less favorable were the results of Plotz and Martin. Of 38 
children vaccinated with lymph and with culture vaccines, the lymph 
produced typical lesions in all, while the culture vaccine gave only 19 
positive reactions. However, in another series, better results for the 
culture vaccine were obtained by doubling the dose. 

The advocates of culture vaccine claim that it is free from bacterial 
contamination and may be used in the fresh state (green calf lymph may 
not) and that it is cheaper and more convenient. On the other hand, the 
opponents maintain that the percentage of positive reactions obtained 
with culture vaccine is smaller than with calf lymph, that the use of 
culture vaccine is not a time-tried method, that in long-continued tissue 
cultures the virus is attenuated and that larger areas of the skin must 
be scarified. Rivers and Ward **** showed that although the titer of 
the cultures went down from 10~* in the nineteenth generation to 10 
in the eighty-sixth generation, potency was easily reestablished to 10~* 
by passage through 3 rabbits (intratesticular inoculation). Further- 
more, the reestablished titer of 10 —* was retained for 60 culture genera- 
tions without further animal passage. However, recent work by Rivers, 
Ward and Baird *** with this “revived” strain has placed certain quali- 
fications on their earlier contentions. Although they reiterated confidence 
in the use of culture vaccine, they felt that after extensive subcultures a 
qualitative change occurred in the virus which permitted large intra- 
dermal inoculations without damage. In their opinion, the immunity 
conferred by this strain was not completely protective, and revaccination 
within six months to one year with a potent calf lymph virus would 
produce the desired protection without untoward reactions. From the 
new evidence available, it seems that attenuation of culture virus occurs 
and that tissue culture vaccine may today be best used as an adjunct to 
lymph vaccine. 

Chorioallantoic Preparations—The virus of vaccinia was first propa- 
gated on the chorioallantoic membrane in 1932, by Goodpasture, Wood- 
ruff and Buddingh.''** Confirmation has been ample and frequent, so 
that the macroscopic and microscopic changes are now well known. 
Although the dermal and neurotropic strains produce somewhat different 
lesions, they can both be cultivated with comparative ease on the chorio- 
allantois. Goodpasture, Buddingh, Richardson and Anderson ** 
reported that each strain maintained the ability to produce specific 
lesions on the egg membrane even after many egg passages. 

According to Burnet,’°* who has summarized this subject up to 1936, 
the early gross changes produced by both strains appear as small milky 
opacities on the membrane. With the dermal strain the first change is 
apparent in twenty-four hours. At forty-eight hours the lesions are 
enlarged (1 to 2 mm. in diameter) and discrete, with an occasional 
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central depression. At seventy-two hours the lesions are still larger, ang 
new ones appear. In the case of the neurotropic strain it is forty-eight 
hours before the first gross changes are visible. With time there occyr 
necrosis and hemorrhage in the central portion of the lesions and also 
conspicuous central depressions. 

Although Burnet stated that vaccinial strains are not very virulent 
for the embryo, death, when it occurs, usually takes place after the 
fourth day and is more likely to be produced by the neurotropic strain, 
Stevenson and Butler,’** on the other hand, reported that they had 
never seen an embryo affected by this virus. 

When the inoculum is massive or is concentrated, coalescent lesions 
occur which reveal the characteristic pathologic processes of the indi- 
vidual strains. In general, the lesion caused by the dermal strain tends 
to be proliferative, while that caused by the neurotropic strain is charac- 
terized by hemorrhage, thrombosis of vessels, edema and exudation. 

Histologically, ectodermal proliferation or necrosis may occur, 
depending on the strain. Mesodermal inflammatory changes and pro- 
liferation of vascular endothelium are to be seen. 

While Burnet *° rarely noted Guarnieri bodies, inclusion bodies in 
egg preparations have been reported by many others (Goodpasture, 
Woodruff and Buddingh ****; Herzberg ****). Goodpasture, Buddingh, 


118> not only observed inclusions but also noted 


Richardson and Anderson 
that Paschen corpuscles diminished as infectivity decreased. 

Jennerian prophylaxis with egg preparations has been successful in 
the hands of Goodpasture and his co-workers, Burnet, Herzberg, Steven- 
son and Butler, Lehman and others. 

It is not certain whether the potency of vaccinial virus is decreased 
after long passage through eggs. Kunert '*° found a marked decrease in 
potency after 50 egg passages. Lehman,'*** however, reported that viru- 
lence for rabbits increased with egg passage. This same author ™” 
in 1937 used vaccine from the ninety-fourth egg passage (three years) 
with good results. In 2,500 revaccinations he obtained 95.8 per cent 
positive reactions. In 2,552 primary vaccinations he obtained 80.6 per 
cent positive results. Marked pustule formation without any complica- 
tions was the rule in this series. Goodpasture, Buddingh, Richardson 
and Anderson ***” vaccinated 1,074 persons from 4 to 20 years of age 
with a vaccine prepared after the hundredth egg passage and in the 978 
patients receiving vaccination for the first time observed 93.6 per cent 
positive reactions. The reactions obtained were of the immune type. 

In the opinion of Goodpasture and his collaborators, vaccine pre- 
pared from the chorioallantoic membrane is preferable to tissue culture 
vaccine because of its ability to maintain high titers without animal 
passage, and because it appears to have less pathogenicity for man while 
at the same time conferring a strong degree of immunity. 
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VESICULAR STOMATITIS 


Tissue Cultures ——Carrel, Olitsky and Long **° inoculated the virus 
of vesicular stomatitis into flasks containing guinea pig embryonic tissue 
or bone marrow cells, plasma, Tyrode’s solution and guinea pig or 
chick extract. When this preparation was incubated seven to ten days 
and titrated by guinea pig inoculation, an increase in potency of 10 to i} 
1,000 times for each passage was noted. However, not each subculture 
was infective. 

Cox, Syverton and Olitsky,’** using filtrates of mouse brains infected . 
with New Jersey and Indiana strains, cultivated these strains in prep- i 
arations containing Tyrode’s solution and minced chick embryos from . 
which the heads and limbs had been removed. Fifteen culture genera- 
tions for each strain were reported, with an increase in potency of 10.® 
Later the authors '** repeated this work and obtained 35 and 58 culture 
generations with respective increases in potency of 10 ** and 10.%* 

Chorioallantoic Preparations—Burnet and Galloway '** passed the 

two strains of this virus through 10 and 15 egg passages. The Indiana 
strain appeared to be more lethal for the embryo, although not regularly 
so. Histologic examination showed ectodermal proliferation with ulti- 
mate degeneration and necrosis of cells. Edema and congestion were 
marked, and death of the embryo was frequent. They found the virus 
present in the egg membrane and in the skin and liver of the embryo. 
Suspensions of the membrane proved infective in dilutions of 1: 10,000. 
However, nonlethal strains, which produced lesions that were localized to 
the membranes, were observed. These authors noted that the egg prep- 
arations were much more sensitive to the higher dilutions than guinea 
pigs, and they were able to test immune serums with the chorioallantoic 
technic. 





VIRUS III 

Tissue Culture —Andrewes ‘*** reported in 1929 that he was able to 
cultivate virus III with comparative ease in Carrel flasks which contained 
normal and infected rabbit testicular cells, Tyrode’s solution and rabbit 
plasma or serum. This series was passed through 10 generations with 
(in cases in which serum was used) an increased potency of 3.2 « 10.° 
He found inclusion bodies occurring regularly in healthy cells. In 
another series Andrewes ‘** succeeded in passing the virus through 23 
subcultures with an increase in potency of at least 8 X 10°" times. Dur- 
ing this work he was unable to demonstrate inclusion bodies when the 
testicular cells were replaced by liver, spleen, kidney or bone marrow 
cells. With a preparation similar to that used by Andrewes, Topacio 
and Hyde **° passed the virus through 8 subcultures and demonstrated a 
final dilution activity of 1: 300,000,000. Ivanovics and Hyde *** repeated 
the work done by previous investigators and were able to get propa- 
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gation of the virus in other rabbit tissues, as well as in testis, although 
the latter was the most receptive for virus IIT. 

Results vary as to the formation of inclusion bodies in the presence 
of immune tissues and serums. Andrewes ***” found that as long as the 
virus came in contact with the living cells before the addition of immune 
substance to the culture the inclusion bodies were formed. Topacio 
and Hyde,'** however, found that even if the virus was allowed to be in 
contact with the cells for a whole hour before the addition of the immune 
plasma the formation of inclusion bodies was inhibited. The incon. 
sistency of immune reactions in vitro is interesting in view of the fre- 
quency with which it occurs. (See the section on variola-vaccinia.) It 
is apparent that either the technics are not identical, as they are thought 
to be, or some factor or factors not now known are present which influ- 
ence the receptivity of cells for virus. 


YELLOW FEVER 

Tissue Culture —Haagen and Theiler **** in 1932 successfully passed 
a strain of the virus of yellow fever through cultures of chick embryonic 
tissue in Tyrode’s solution and 10 per cent monkey serum for 60 cul- 
ture generations over a period of eight months. Before cultivation this 
strain had been modified by intracerebral passage through many mice 
generations. Later Haagen ‘*™*:* showed that living cells were necessary 
for growth of the virus and that it had a distinct predilection for 


147b ~6Tn another series he was able to pass the virus 


epithelial cells. 
through 100 subcultures and to demonstrate its close affinity for the 
cells in culture as compared with the fluid components. During these 
experiments Haagen '*** noted that practically no propagation of the 
virus occurred if the serum was removed from the culture preparations, 

Lloyd, Theiler and Ricci *** cultivated the pantropic and two types 
of the neurotropic strain in flasks containing serum and Tyrode’s solution 
with either chick or mouse embryonic tissue or adult mouse or guinea 
pig testicular tissue. The pantropic strain was passed through more 
than 150 subcultures without intercurrent animal passage over a period 
of twenty-one months. Prolonged cultivation of this pathogenic strain 
caused a consistent progressive inability to produce yellow fever. Viru- 
lence for monkeys was regained only after 30 passages through animals. 

Theiler and Smith *°** found that definite modification of yellow fever 
strains occurred, depending on the nature of the tissue used in the 
medium. In the presence of chick embryonic tissue there was marked 
loss of both neurotropism and viscerotropism without loss of anti- 
genicity. According to the same authors,'**” a high concentration of 
virus was best insured by infecting whole chick embryos. By using a 
vaccine prepared from such infected whole chick embryo, they were 

















Taste 1.—Group 1: 





Viruses Which Have Been Propagated in Tissue Cultures 
(All Criteria. Have Been Met) 











a 
————————— 
Maximum Maximum Inclusion 
Number of Increase in Bodies in 
Virus Subcultures Potency Vitro Confirmation 
Vaccinia.......-.0+ereeeees 150 284 25 x 10° (170) Regularly ++++ 
a a a 227 149 Apparent but ico geoonsy ++++ 
Yellow fever..----- not estimated 
1 ae 250 28« 1,000 times in vheen taalen +4Ha4+ 
Fowl plague...-- ‘4a hours 
MB .occccccccveccces At will 1,000 times in Regularly +++ 
peraces 72 hours (102) 
Virus ITI.......-000+eee eee 23 1438b 8 x 1027 Regularly aoe 
Herpes simplex..........+. 60 35a 1:4 X 10-28 (51) Found (51) +++ 
and con- 
firmed (59) 
Rous sarcoma............ At will 54 Apparent Dut wes ecnces +++ 
not estimated 
Foot and mouth disease... 62 23 eS | Re see Poe 
COTHZB... sc ce eee eeeeeceees 88 %& Rae. =’ e.g dee aeeoee ++ 
Vesicular stomatitis....... 58 143 er eee oe Oe ++ 
BODIED. ..ccccvccccccesveess 42 2b PR) oe aa 
activity on 
dilution 
Rabbit myxoma........... 1 $0 & > | Eee eee ++ 
Encephalitis (St. Louis)... 6, 138 oo. 4. eae ee 
dilution 10-3 
Pseudorabies............ 49 69a Apparent Found (100) 4. 
ar 70 49a Res «5 > ealesantaie + 
Equine encephalomyelitis.. 53 242 rr Be ae 
Encephalitis (Japanese B) 40 12b Lae... Neateawepale e 
activity 1:10° 
Rift Valley fever....... 13 9% Dilution of orig- _—............. * 


inal inoculum 
1:15 x 10 





* Further confirmation is desirable. 


TABLE 2.—Group 2: 





Viruses the Propagation of Which in Tissue Cultures Has Been 


Doubtful or Temporary (One or More Criteria Have Not Been Met) 











Maximum Maximum Inclusion 
Number of Increase in Bodies in 
Virus Subcultures Potency Vitro Confirmation 
Newcastle disease......... $1 *1 De@nite but MOG ss ccccocccus 0 
estimated 
Kikuth’s canary virus* 10 52 Definite but not Found 0 
estimated 
Lymphogranuloma vene 24 5%a Dilution of orig- (82, 84, 88) Markedly 
reum inal inoculum, Found ? inconsistent 
1:64 x 10° 
Avian pox (fowlpox) 122 2 times (de- &  ...... 
creasing potency) 
Ectromelia........... 7 10a Dilution of orig- _—............ Insufficient 
inal inoculum, 
6 x 1034 
Fowl leukosis......... 1 strain eee ws” Sdeeasecrs Inconsistent 
158 days 24a not high 
Hog cholera............ 15 #2 Dilution of orig- _—........... 0 
inal inoculum 102° 
| 11 54 i ee 0 
infectious 10-+ 
Rabbit fibroma (inflam- 10 77 eee? ty eee; i we etbeab ete 0 
matory strain) 
Sheep pox........ 4 99 Activity at 1:10,000 0 
Poliomyelitis.............. 16 64 Questionable ln. cen eeee Inconsistent 
* This virus can probably be grown at will, but confirmation of the observation is 


necessary. 
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able to produce immunity in monkeys as measured by the titers of anti- 
bodies that had developed. These titers had no relation to the amounts 
of virus inoculated. The authors were able also to increase the antibody 
content in the blood of immune persons by subcutaneous inoculation of 
the culture virus. 

The results obtained by their use of vaccine prepared from tissue 
cultures of yellow fever virus represent the best application to date of 
in vitro methods to practical purposes. The vaccine has proved itself effi- 
cacious and convenient. The extent of its success is revealed by the 
following statistics in the 1937 annual report of the Rockefeller Founda- 
tion **°: Between February 1937 and February 1938 more than 59,000 
persons, mostly in Brazil, were vaccinated. Mild reactions, or none at 


all, occurred. More than 95 per cent of the subjects vaccinated in field 
I J 


TABLE 3.—Group 3: Viruses the Propagation of Which in Tissue Cultures Has 
Been Unsuccessful 








Maximum Maximum Inclusion 
Number of Increase in Bodies in 
Virus Subcultures Potency Vitro Confirmation 
ccd cevececcscces § 102 0 xivcewnees 0 
pS Re 1 explant, 0 ee 0 
no transfers 

Inclusion blennorrhea..... 0 0 tobets 0 
Rabbit fibroma (fibroma- 0 0 seaeea mek’ 0 


tous strain) 





work showed immunity. In a series of 38,000 vaccinated persons 69 
missed a day or more of work. Not a single serious reaction was 
recorded for this series of vaccinations. In 1938 (January to October) 
800,000 persons were vaccinated in Rio de Janeiro, and no serious 
complications occurred. 

Chorioallantoic Preparations —The virus of yellow fever was trans- 
mitted through chorioallantoic preparations for a short number of 
passages by Elmendorf and Smith *** and Jadin.*** Increased potency 
was apparent in the virulence of high dilutions of either the chorio- 
allantois or the embryo. No variation in the character of the virus was 
noted. 

The opinion expressed by Jadin that this virus can be propagated at 
will in eggs seems to be well founded in view of the observation made by 
Theiler and Smith ***® that high concentrations of yellow fever virus 
were obtained by infecting whole chick embryos. 
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SUMMARY OF OBSERVATIONS ON THE PROPAGATION OF VIRUSES 
IN CHORIOALLANTOIC PREPARATIONS 


1. Variola-vaccinia: May be grown at will. Inclusions present. Confirmed. 

2. Avian pox (fowlpox): Grown at will (Woodruff and Goodpasture 15). 
Increase in potency shown by count of lesions (Burnet 1°), Inclusions present 
(Woodruff and Goodpasture 138; Burnet 1°*). Confirmed. 

3. Psittacosis: Consistent propagation. Confirmed. Inclusions present. Spe- 
cific pathologic changes. 

4. Infectious laryngotracheitis of fowls: Grown and consistently confirmed 
by four investigators. Definite pathologic changes. Inclusions present. 

5. Yellow fever: Small number of passages (Elmendorf and Smith 14; 
Jadin 148) but probably can be grown at will. 

6. Encephalitis (St. Louis): 68 passages (Smith *5). Confirmed. 

7. Encephalitis (Japanese B): 75 passages (Haagen and Crodel'#>), One 
confirmation. Possible inclusions. 

8. Equine encephalomyelitis: Small number of passages but fairly well con- 
firmed. Inclusions present (Covell 47). 

9, Fowl plague: Grown without difficulty (Burnet and Ferry 2¢) but number 
of egg passages not stated. No confirmation. 

10. Influenza: Grown at will. Well confirmed. 

11. Louping ill: Fairly specific pathologic changes. Confirmed (Burnet and 
Lush 58>), Better results than with tissue culture. 

12. Rabbit mxyoma: 26 passages (Lush*®!). Disagreement as to pathologic 
changes and presence of inclusions (Lush*®!; Haagen and Dscheng-Hsing §*). 
Further confirmation desirable. 

13. Vesicular stomatitis: 15 passages (Burnet and Galloway 1*°). Egg prepa- 
rations more sensitive than guinea pigs. Definite pathologic changes. 

14. Herpes simplex: 24 and 50 passages (Saddington °°; Burnet, Lush and 
Jackson °°). Pathologic changes not altogether specific. Probably can be grown 
at will. Further confirmation desirable. 

15. Kikuth’s canary virus: 8 transfers (Burnet *). Confirmed (Burnet and 
Lush ®1¢), Inclusions present. Pathologic process similar to poxes. Can probably 
be grown at will. 

16. Newcastle disease: Can probably be grown at will (Burnet and Ferry 2°) 
but this has not been confirmed. 

17. Rous sarcoma: 30 passages (Keogh %), Probably can be grown at will. 
Specific pathologic changes. Confirmation desirable. 

18. Pseudorabies: 57 passages (Burnet, Lush and Jackson 2°). Can probably 
be grown at will. Further investigation desirable. 

19. Rabies: 1 positive report (Dawson *>), 12 passages. Suggestive patho- 
logic picture. Inclusions present. Confirmation desirable. 

20. Ectromelia: 18 passages (Paschen’"). Good confirmation. Inclusions 
(Paschen 21), 

21. Infectious bronchitis of chicks: 14 passages (Beaudette and Hudson 4). 
No confirmation but good evidence for increased pathogenicity. 

22. Rubeola (measles): 13 passages. (Wenkebach and Kunert °8). Suggestive 
pathologic picture. Good neutralization with specific serum. Further confirmation 
desirable. 
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23. Varicella: 11 passages (de Castro Teixeira‘). Pathologic changes do 
not appear to be very specific. No evidence for increase. No confirmation, 

24. Coryza: 3 passages (Kneeland, Mills and Dochez 7*). No confirmation, 

25. Rift Valley fever: 5 passages (Saddington®*). No confirmation. Addj- 
tional evidence desirable. 


26. Pacheco’s parrot disease: 6 passages. No confirmation. Fairly specific 
pathologic changes. Inclusions present. Confirmation desirable. 


27. Lymphogranuloma venereum: Small number of passages. Disagreement 
as to inclusions. Considered not grown. Pathologic effects not definite. 

28. Lymphocytic choriomeningitis 59°: 8 passages. Definite increase in potency, 
No confirmation. 

29. Herpes zoster: 3 passages (de Castro Teixeira*®). No confirmation, 
Pathologic effects not specific. Considered as not grown. 

30. Foot and mouth disease: Did not survive for twenty-four hours in the 
egg (Galloway and Elford 2°). 


31. Trachoma: Negative results (Harrison and Julianelle 1°; Thygeson 19), 
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Notes and News 


University News, Promotions, Resignations, Appointments, Deaths, 
etc.—Cornelius P. Rhoads, associate member of the Rockefeller Institute for 
Medical Research, has been chosen to succeed James Ewing, who is about to 
retire, as director of the Memorial Hospital for the Treatment of Cancer and 
Allied Diseases in New York. Under Dr. Ewing’s wisely progressive guidance 
the Memorial Hospital has developed into a great modern center for cancer service 
and study. 

T. D. Spies, associate professor of medicine in the University of Cincinnati, 
has been awarded the John Phillips Memorial Medal by the American College of 
Physicians for his contributions to the study of nutrition and particularly for his 
study of pellagra. 

Eugene M. Landis, assistant professor of medicine in the University of Penn- 
sylvania, has been appointed professor of internal medicine in the University of 
Virginia. 

Laszlo Detre, senior immunologist in the division of infectious diseases of the 
National Institute of Health, Washington, D. C., died on May 26 of brain tumor, 
aged 64. Dr. Detre discovered independently a test for syphilis almost identical 
with the Wassermann test. He graduated from the University of Budapest in 1895. 

The first degree of doctor of medical science in forensic medicine from New 
York University College of Medicine has been awarded to Maurice Powers, 
director of the laboratory of the Royal Canadian Mounted Police in Regina, Sask., 
Canada. 

F. C. Minett, professor of pathology in the Royal Veterinary College, London, 
has been appointed director of the Imperial Veterinary Research Institute of the 
Government of India. 

Gerald B. Webb, director of the Foundation for Research in Tuberculosis at 
Colorado Springs, has received the Trudeau Medal of the National Tuberculosis 
Association in recognition of his attempts “to produce specific immunity against 
tuberculosis by the inoculation of animals with very minute numbers of tubercle 
bacilli,” 

The American Institute of Nutrition has awarded C. A. Elvehjem, professor 
of biochemistry in the University of Wisconsin, $1,000 for his discovery that 
nicotinic acid will cure pellagra. 


Society News.—The American Association for the Advancement of Science 
will hold its next annual meeting at Columbus, Ohio, Dec. 27-30, 1939. 





































































Abstracts from Current Literature 


To Save SPACE THE ORIGINAL TITLES OF ABSTRACTED ARTICLES SOMETIMES 
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Experimental Pathology and Pathologic Physiology 


GENESIS OF RENAL Hypertension. L, N. Katz, M. FRriepMAN, S. Ropparp and 

W. WEINsTEIN, Am. Heart J. 17:334, 1939. 

The genesis of the hypertension following renal ischemia (Goldblatt method) 
was reinvestigated in an attempt to demonstrate a humoral mediator in hyper- 
tensive animals. The average femoral arterial blood pressure of 127 normal 
trained dogs, determined by the Hamilton technic, was 155 mm. of mercury systolic 
and 80 mm. diastolic. The average brachial arterial blood pressure of 16 normal 
trained dogs, determined indirectly, was 130 systolic and 85 diastolic. The hyper. 
tension which developed in unilaterally nephrectomized animals was more severe 
and of longer duration than that in animals which had two normal kidneys; 50 per 
cent of the nephrectomized animals died in uremia. Partial occlusion of both 
renal arteries was performed in 24 dogs. In 85 per cent of them hypertension 
developed, which was more severe and of longer duration than when partial 
occlusion of only one renal artery was produced. The nonprotein nitrogen of the 
blood usually became elevated following clamping, and 7 dogs died in uremia. 

The severity and persistence of the effects of renal ischemia depend on the 
presence of a normal kidney. This indicates that hypertension depends on the 
ratio of ischemic to normal renal tissue. Distemper was found to cause alleviation 
or disappearance of renal hypertension; the hypertension recurred when the dis- 
temper was cured. Partial thyroparathyroidectomy did not affect the blood pres- 
sure in renal hypertension. Histologic examination of kidneys in which ischemia 
had been present as long as six months failed to reveal definite abnormalities, 

Cross transfusion of several liters of whole blood for eighteen or more hours 
between trained unanesthetized dogs with persistent renal hypertension and trained 
unanesthetized, bilaterally nephrectomized, nonhypertensive dogs failed to reveal 
any pressor response in the nonhypertensive dogs. Perfusion of large quantities 
of heparinized blood over several hours from an anesthetized dog with persistent 
renal hypertension into the isolated denervated hindlimb preparation failed to pro- 
duce any vasopressor action in the latter. 

Temporary hypertension lasting several hours was found to follow unilateral 
or bilateral nephrectomy. This did not occur in control, mock operations. It is 
suggested that the transient hypertension following nephrectomy is neurogenic. 

From AuTHors’ SUMMARY, 


EXPERIMENTAL THROMBOPENIC PurPURA. L. M. Tocantins and H. L. STEWaRt, 

Am, J. Path. 15:1, 1939. 

The clinical and pathologic manifestations of experimental purpura as produced 
with antiplatelet serum in the dog undergo a uniform evolution, the stages of 
which may be conveniently divided into: (1) an acute stage (first to fifth days), 
in which occur thrombopenia, with a prolonged bleeding time, and, in the tissues, 
hemorrhage, edema and deposition of pigment; (2) an intermediate stage (fifth to 
tenth days), during which there are a rising platelet count, a short bleeding time 
and multiple vascular thrombi in various organs, principally in the spleen; (3) 4 
reactive stage (after the tenth day), characterized by a high platelet count and 
hyperplastic changes in the bone marrow, spleen, lymph nodes, thymus and Peyer's 
patches of the ileum. There are indications that these evolutionary changes of 
the experimental disease are duplicated to a certain extent in spontaneously 
occurring thrombopenic purpura of man. From AutHors’ SUMMARY. 
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. >MOG ‘ ICTION IN ANEMIA. G. H. WuHitppLe and 
HRITIS AND HEMOGLOBIN PRODUCTION IN ANEMIA I. 
ner S, Rosscueit-Rossins, J. Exper. Med. 69:485, 1939. 


Spontaneous glomerulitis develops not infrequently (incidence, 11 per cent) in 
dogs of the anemia colony. The course of the nephritis is insidious and usually 
extends over several years but ends in uremia, often with terminal bronchopneu- 
monia. The production of hemoglobin in these standard anemic dogs is well 
established as related to various standard food factors. Tables show the changes 
that appear year by year in the life of each dog. Nephritis causes little or no 
change in the production of hemoglobin in these anemic dogs in its early stages. 
In the late stages there may be no change or moderate changes in the production 
of hemoglobin. In advanced nephritis the average is 70 per cent of the normal 
production. It seems unlikely that this degree of impairment in the production 
of hemoglobin in nephritis would result in spontaneous anemia in the dog. 


From AuTHORS’ SUMMARY. 


Tue Vi ANTIGEN OF THE TypHor Bacit_tus. D. W. HEeNnperson, Brit. J. Exper. 
Path. 20:11, 1939. 


Henderson finds that the antiserum protects mice against typhoid infection 
more efficiently when the infecting dose is a small number of highly virulent 
organisms than when a large number of less virulent ones are injected. The 
efficiency of the protection is thus determined by the mass of bacterial antigen 
in the tissues rather than by the virulence of the strain used. 


ACROMEGALY AND ARTERIAL TENSION. M. Jequier, Ann. d’anat. path. 13:179, 

1936. 

At autopsy on a 34 year old woman with acromegaly of the classic type there 
was found all the anatomic evidence of severe primary hypertension. The eosino- 
philic adenoma of the hypophysis in this case was composed of young, immature 
cells. A review of the reports of cases of acromegaly in the literature reveals 
that there has been no constant association with hypertension. Jequier claims, 
however, that he has not been able to find any record in the literature of a case 
resembling his exactly, i. e., one in which there was a pituitary adenoma composed 
of young, undifferentiated eosinophilic cells. The question of a possible relation- 
ship between the younger eosinophilic cells of the hypophysis and the control of 


arterial tension is suggested but remains unsettled. Perry J. MELNICK. 


HistoLocic Stupy OF THE PARATHYROIDS AFTER EXPERIMENTAL TOTAL THYROID- 
EcTOMY. H. Wett1, R. HuGUENIN and L. Barraya, Ann. d’anat. path. 13: 
227, 1936. 


The remarkable absence of symptoms of hypothyroidism in man after total 
thyroidectomy has called forth several explanatory theories. Among them is the 
theory that the parathyroid glands undergo metaplasia into thyroid tissue. To 
test this, the authors performed total thyroidectomy in dogs, removing every 
trace, including aberrant thyroid tissue. Up to five and one-half months later 
no change was found in the parathyroids except in 2 cases in which slight com- 
pensatory hypertrophy followed accidental removal of half the glands. In 1 case 
a nodule grossly resembling a parathyroid was found on histologic examination 
to be a bit of proliferating residual thyroid tissue. Incidentally, the myocardium 


in these dogs showed no changes after thyroidectomy. Perry J. MELNICK 


Errects oF VITAMIN DEFICIENCY ON THE RETICULOENDOTHELIAL SYSTEM. 
U. Uorm.a and P. E. Srmora, Virchows Arch. f. path. Anat. 301:523, 1938. 
Rats and guinea pigs were maintained on diets deficient in one of the vitamins, 

A, B or C. One series of young rats received an oversupply of vitamin A. The 
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animals were vitally stained with lithium carmine before being put to death for 
histologic study. In A avitaminosis the Kupffer cells of the liver were enlarged 
and stored the carmine less well than the normal controls. The reticuloendothelial 
cells of the red pulp of the spleen were hyperplastic, enlarged and contained 
ingested fragments of erythrocytes. The reticuloendothelial hyperplasia is gop. 
sidered a compensatory reaction to the deficiency or a reaction akin to the kera- 
tinization of epithelium. In experiments with deficiency of vitamins B and and 


in A hypervitaminosis no definite effects were seen. O. T. Seam 
: ILTZ, 


Pathologic Anatomy 


True Cor BILocuLare IN IpENTICAL Twins. F. X. Grustra and V. G,. Tosy 

Am. Heart J. 17:249, 1939. ; 

Twin babies, who weighed 2,280 and 2,820 Gm., succumbed to identical cop. 
genital lesions of their hearts and blood vessels approximately thirty and thirty- 
nine hours after birth. The cardiac abnormality was true cor biloculare, and the 
associated anomaly was a persistent truncus. These cases are reported because 
search of the literature has failed to disclose any similar instance in which identical 
twins suffered from cor biloculare with persistent truncus. 


From AvuTHOoRS’ SUMMARY. 


HYPERPARATHYROIDISM DUE TO PARATHYROID ADENOMA WITH DEATH Frou 
PARATHORMONE [PARATHYROID Extract] INTOXICATION. F. M. Hanes, Am. 
J. M. Sc. 197:85, 1939. 


An instance of hyperparathyroidism with fatal intoxication due to parathyroid 
extract is reported. The report fills an existing gap in the natural history of this 
disease. A characteristic type of parenchymatous renal calcification is illustrated 
which is believed to be pathognomonic of hyperparathyroidism. A blood calcium 
level approaching 20 mg. per hundred cubic centimeters is indicative of severe 


and dangerous parathyroid intoxication. From AvuTHOR’s SUMMARY 


HistoLtocic INVESTIGATION INTO THE Pytorrc GLAND ORGAN IN PERNICIOUS 
ANEMIA. E. MEULENGRACHT, Am. J. M. Sc. 197:201, 1939. 


It was shown in earlier investigations that the antianemic factor in the stomach 
(Castle’s intrinsic factor) is not found in the pepsin and hydrochloric acid- 
producing fundus portion but in the pyloric portion and duodenum and that it 
must be secreted by the pyloric glands and the histologically identical Brunner’s 
glands. The object of the present investigation was a histologic examination of 
the stomach and duodenum in 8 cases of pernicious anemia, and special regard 
was given to the pyloric and Brunner glands. Gastritic changes in the fundus 
portion with atrophy of the glands and disappearance of parietal and chief cells 
were found in all the 8 cases. But the gastritic changes were less pronounced in 
the pyloric portion, and the glands seemed relatively well preserved; no histologic 
changes could be demonstrated in Brunner’s glands. How these findings, which 
at first sight are rather surprising, can be brought into line with the present 
conception of the genesis of pernicious anemia is discussed. 


From AuTHOorR’S SUMMARY. 


GASTROSCOPIC OBSERVATIONS IN PERNICIOUS ANEMIA. R. SCHINDLER and A. M. 

Sersy, Arch. Int. Med. 63:334, 1939. 

Gastroscopic observations on 23 patients with pernicious anemia are presented. 
Nine of these patients were seen before any treatment kad been given; 14 were 
observed only after adequate treatment, and 3 were examined before and after 
treatment. All untreated patients presented superficial gastritis, superficial plus 
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atrophic gastritis or patchy or diffuse atrophy. After treatment in 4 patients: no 
marked improvement of the condition of the gastric mucosa was found; in 1 patient 
there was definite progression of the atrophy; in 7 the mucosa of the antrum was 
found to be normal ; in 1 there was almost complete regeneration, and in 4 all 
portions of the gastric mucosa became normal. a 

These facts can be explained only by the assumption that in pernicious anemia 
two separate diseases of the stomach are present. Primarily there is dysfunction 
of the cells which produce the “antianemic” factor. Secondarily there follows 
degeneration of the surface epithelium, with superimposed genuine inflammation, 
which may or may not heal when the deficiency state is eliminated. The secondary 
inflammation usually is combined with a similar disorder of the tongue and of the 
intestine, with dysfunction of the hemopoietic apparatus and combined degeneration 
of the spinal cord. However, the absence of the “antianemic” factor may sometimes 
lead to severe but reversible atrophic gastritis, without disease of the blood. If 
this observation is confirmed, the expression antianemic must be replaced by 
another term. 

Probably in many cases atrophic gastritis is due to some kind of deficiency 
state and in some of them to the lack of the “antianemic” factor. This disease 
should be diagnosed by the use of the gastroscope, and in each case in which it 
is discovered liver therapy should be given tentatively. Gastroscopic check of the 
result of therapy is necessary. The frequent incidence of mucosal polyps of the 
stomach in pernicious anemia is corroborated by the observations of Schindler 


and Serby. From AvuTHORS’ SUMMARY. 


“Srver CELLS” AND “SPIROCHETE-LIKE” FORMATIONS IN MULTIPLE SCLEROSIS 
AND OTHER DISEASES OF THE CENTRAL Nervous System. G. B. HASsIN 
and I. B. Dramonp, Arch. Neurol. & Psychiat. 41:471, 1939. 


With a modified silver staining method Steiner found what appeared to be 
spirochetes and silver cells in the brains of patients with multiple sclerosis and 
dementia paralytica. The spirochetes of multiple sclerosis differ, according to 
Steiner, from those of dementia paralytica. They are named by him Spirochaeta 
myelophthora, for they cause the myelin changes seen in multiple sclerosis and 
are, in his opinion, its cause. S. myelopthora is a short-lived organism; it easily 
breaks up into granules, which are enclosed within lymphocytes or glia cells and 
are scattered over the visual field, especially near the adventitial spaces of the 
blood vessels and the ependyma of the cerebral ventricles. Steiner’s observations 
were largely substantiated by Hassin and Diamond. They, however, found the 
spirochete-like formations and the silver cells in many other diseases—subacute 
combined degeneration of the cord, myelomalacia, tumor of the brain, Friedreich's 
ataxia and many other degenerative conditions. The cells containing “silver 
granules” are neither lymphocytes nor glia cells but are broken up nerve tissue 
and are present mainly between the axon and the myelin. They were found also 
in and around amyloid bodies, red cells, white cells within the capillaries, adven- 
titial and endothelial cells, the gray substance of the spinal cord and other localities. 
The silver granules, which when arranged in rows resemble spirochete-like struc- 
tures, are not the cause of multiple sclerosis but its consequence. They are prob- 
ably catabolic products, the earliest manifestation of nerve degeneration, which 
evidently takes place first between the axon and the myelin. G. B. Hassrx. 


ConcenitaL Cystic DisEASE_OF THE LuNG. T. H. SELLors, Tubercle 20:49 
and 114, 1938. 


The majority of works on pulmonary disorders contain little reference to cyst 
formation or cystic disease. The term “congenital cystic disease” can best be 
interpreted as designating an abnormality of lungs in which dilatations or cysts 
of pulmonary tissue and bronchi are found and to which no infective or parasitic 
origin can be assigned. The designation “congenital” is based largely on the 
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recognition of many examples of the condition in very young infants, apart from 
the rarer, but more conclusive, examples that have been found in fetuses. The 
disruption and derangement of bronchial supporting structures around spaces lined 
by a bronchial type of epithelium can hardly be confused with any other Condition 
and are highly suggestive of a congenital or developmental origin. This js empha- 
sized to insure distinction between true cystic disease and acquired bronchiectasis 
Whereas infection dominates many of the pictures of acquired bronchiectasis grees 
dilatations without much infection can occur as the result of bronchial stenosis or 
of atelectasis. Clinically and roentgenologically a certain amount of confusion 
is bound to arise. Nomenclature, such as “universal bronchiectasis,” “telangiectatic 
bronchiectasis,” “congenital pulmonary lymphangiectasis,” “cystic lymphangeomata” 
and “congenital alveolar adenoma,” is given critical consideration. Thirty-two 
cases are detailed, including 6 of large single cysts, 3 of medium-sized cysts, 16 of 
multiple small cysts (9 of these without lobar distribution, 3 with patchy dis. 
tribution and 5 with involvement of a whole lung) and 6 of multiple cysts (diffuse 
bilateral distribution). An extensive bibliography is appended. 


H. J. Corperr, 


Hemicraniosis. B. Brouwer, M. BretscHowsky and E. HAM™er, Ann. d’anat 

path. 13:1, 1936. 

The article presents a brief review of the literature on a rare condition called 
hemicraniosis. The clinical and autopsy report of a case is presented. The patient 
was a 63 year old man. His condition was characterized by: internal and external 
exostoses of the bones of the left side of the skull, both cranium and face; reactive 
thickening of the meninges of the left side with tumor-like lipomatous nodules, 
and hypoplasia of the left side of the brain. In view of the strictly unilateral 
localization, the condition is interpreted by the authors as a congenital defect. 


PERRY J. MELNICK. 


CHANGES IN THE SPLEEN IN THE CIRRHOSES. N, FIESSINGER and R. Messrmy, 
Ann. d’anat. path. 13:27, 1936. 


Fiessinger and Messimy present a discussion of the changes in the spleen in 
the course of the various types of cirrhosis of the liver, with special reference to 
fibrosis. The different structures are analyzed (i. e., capsule, trabeculae, arteries, 
sheathed arteries, veins, sinusoids, lymph follicles and reticulum cells), and 
emphasis is placed on increase in the thickness, number and complexity of the 
reticulum fibers. The localization and character of the splenic sclerosis in each of 
the following conditions are illustrated by the observations in at least one autopsy: 
Banti’s disease; Laennec’s cirrhosis; hypertrophic cirrhosis; obstructive cirrhosis; 
Hanot’s cirrhosis, and pigmentary cirrhosis. The influence of both circulatory and 
irritative (toxic) factors is discussed. Sclerosis of the spleen appears before 
cirrhosis of the liver in Banti’s disease, simultaneously in Hanot’s cirrhosis and 
after the hepatic change in Laennec’s cirrhosis. Perry J, MELNICK. 


PatTHoLtocic ANATOMY AND GENESIS OF Portt’s DisEAseE. R. KAUFMANN, Ann. 
d’anat. path. 13:81, 1936. 


On a basis of surgical experiences, postmortem examinations and a study of 
museum preparations, Kaufmann constructs the following theory of the genesis of 
Pott’s disease: Primarily, the disease is a prevertebral tuberculous lymphadenitis, 
either mediastinal via the pulmonary route or mesenteric via the intestinal route. 
3y contiguity there is at first superficial caries of the anterior surfaces of the 
vertebral bodies; this is only later followed by deep caries and the other complex 
manifestations of Pott’s disease. The vertebral caries is therefore not primary. 
The author has often observed early superficial caries of vertebral bodies adjacent 
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to tuberculous lymph nodes, without fully developed Pott’s disease being present. 
Tuberculosis of the sternum develops on the same basis, from tuberculous lymph 
nodes in the anterior mediastinum. 

The reason for the development of caries, the author claims, is a mechanical 
one. Pressure atrophy of the adjacent bone by the inflammatory process is the 
first step, following which the bone is easily invaded by the tuberculous process. 
Where no pressure occurs, no caries results; in the lower animals Pott’s disease 
is unknown. For this reason the dorsal decubitus in the treatment of Pott’s dis- 
ease is a mistake; the ventral decubitus, imitating the quadruped’s position, yields 


much better results. Perry J. MELNICK. 


CenTraL Necrosis OF THE Liver. G. Rote, Frankfurt. Ztschr. f. Path. 54:1, 

1938. 

Rothe describes the microscopic picture of central necrosis of the liver and 
discusses the origin of this lesion. Mallory, who first described it, believed that 
central necrosis occurred only in severe infection. Other authors showed by 
experiment that toxins or sensitization, as well as infection, may be responsible. 
In the author’s series of 52 cases, chronic passive hyperemia was present in at 
least 75 per cent. He points out that in some cases in which myocardial failure 
or coronary sclerosis is associated with central necrosis there is no toxic, allergic 
or infective element. Since necrotic tisue is phagocytosed by leukocytes, which 
are later replaced by connective tissue, central necrosis may be a form of chronic 
congestion of the liver. The author also believes that there is no morphologic 
evidence that allergy may be the cause of this lesion. Orro SAPHR. 


ANATOMY OF PYELONEPHRITIC CONTRACTED KipNeys. FF. Linper, Frankfurt. 
Ztschr. f. Path. 51:150, 1938. 


Linder studied the anatomy of the pyelonephritic contracted kidney. The 
changes occurring in the vessels are emphasized especially. Four stages of changes 
occurring in the cortex are given, but there is no definite sequence of these stages. 
Medullary scars may be due to abscesses or to incomplete infarctions, the latter 
corresponding to destroyed areas in the cortex. Regarding pelvic changes, chronic 
lesions are mentioned occurring in calices, which appear as foldings of the mucosa 
with papillary excrescences. Also, so-called cell nests of Brunn are*described as 
evidence of chronic irritation of the pelves of the kidneys. Linder, in his 3 cases, 
as well as in others, found hyperplasia of the elastic tissue in the intima, most 
frequently in medium-sized arteries but also in the larger and the smaller arteries. 
In the nonaffected portions of the kidneys elastic hyperplasia of the intima in 
arteries was usually present but less marked than in those of the scars. He 
explains the appearance of these changes, which occur in the absence of hyper- 
trophy of the heart, as a consequence of so-called “localized hypertension,” the 
result of the disproportion between the amount of blood and the decreased diameter 
of the renal vessels. The hyperplasia of the elastic fibers in the region of the 
scars is explained in a similar way. Here the pressure is increased because of 
the atrophy of the glomeruli and the numerical decrease in arteries in the corre- 
sponding scars. The most striking change in the vessels of the regions of the 
scars, however, was lipoidosis. The arterioles in the contracted foci were the 
most affected. For the most part these changes were present at points of division, 
while the parts just proximal to the glomeruli were not involved. Linder stresses 
that in hypertension the arterioles were narrowed particularly at points of division. 
If the vessel contracts at this point, the flow of blood, which is increased because 
of the closure of neighboring arterioles, may stop. Because these narrower points 
present sites of lessened resistance they undergo fatty degeneration. The author 
believes that for these reasons the arteriosclerosis is not the cause but the con- 


sequence of the hypertension. Otto SAPHIR 
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Rote oF VASCULAR HAMARTIA IN THE GENESIS OF INTERNAL HEMORRHAGE 
PACHYMENINGITIS. P. HEILMANN, Virchows Arch. f. path. Anat. 301547 
1938. ; 


Systematic microscopic examination of the dura revealed small telangiectatie 
angiomatous capillary maldevelopments immediately beneath the inner surface in 
2 to 3 per cent of the cases. Heilmann thinks hemorrhage from such Vessels 
resulting from toxic degenerative changes in the endothelium or from slight 
trauma, may be a cause of chronic hemorrhagic internal pachymeningitis, 


O. T. Scuutrz. 


Microbiology and Parasitology 


Matrix oF IncLusion Bopy or TRacHoMA. P. THyGEsoNn, Am. J. Path. 14:45§ 
1938. z 


The inclusion body found in the epithelial cell in trachoma contains a ground 
substance or matrix which is composed predominantly of glycogen. This matrix 
is apparently absent or present only in low concentration in young inclusions and 
uniformly present in mature ones. Its formation seems to be associated with the 
change from the large initial body form of the virus to the small elementary body 
form. In view of the ease with which these inclusion bodies may be recognized 
with low magnification, the iodine stain should prove distinctly valuable as a 
laboratory test in the diagnosis of trachoma. From AuTHor’s Summary, 


INFECTIVITY OF THE PRIMARY COMPLEX OF TUBERCULOSIS. W. H. FELDMAN and 
A. H. Baccenstoss, Am. J. Path. 14:473, 1938. 


The lesions of the primary complex of tuberculosis when definitely encapsulated 
and sclerotic or caseous or caseocalcareous seldom contained viable or virulent 
organisms of Mycobacterium tuberculosis. Neither the presence nor the absence 
of viable or virulent organisms of Mycobacterium tuberculosis in the lesions of 
the primary complex of tuberculosis can be established by morphologic appearances 
alone. The data suggest that in adults endogenous reinfection is unlikely to occur 
from lesions of the primary complex. Silica in varying amounts is found fairly 
constantly in lesions of the primary complex of tuberculosis. In the absence of 
demonstrable» viable tubercle bacilli in the lesions it is suggested that histologic 
signs of activity are possibly due to silica. From AutHors’ SUMMA 


ULTRACENTRIFUGATION OF VACCINE Virus. J. E. Smapet, E. G. PICKELs and 
T. SHEpLovsKy, J. Exper. Med. 69:607, 1938. 


Ultracentrifugal studies of the CL dermal strain of vaccine virus warrant the 
following conclusions: When suspended in increasing strengths of sucrose, glycerol 
or urea solutions, elementary bodies of vaccinia show variations in sedimentation 
rate which indicate changes in the density or size of the particles. For a given 
change in the density of the medium these changes are smallest with sucrose and 
most marked with urea. The normal rate of sedimentation of Paschen bodies may 
be restored by resuspending them in dilute buffer solution. The density a 
elementary bodies of vaccinia suspended in dilute buffer solutions is estimated t0 
be 1.16 Gm. per cubic centimeter. Higher values for density are found if the 
particles are suspended in solutions containing sucrose, glycerol or urea. In 53 per 
cent sucrose, for example, the density is 1.25 Gm. per cubic centimeters. Paschen 
bodies appear to be quite permeable to water and urea, less so to glycerol and only 
slightly, if at all, to sucrose. The increased density of the elementary bodies of 
vaccinia in sucrose solutions may be accounted for by an osmotic extraction of 
water from the particles. On this basis the water which can be thus extracted 
corresponds to at least a third of the original volume of the particles. 


From AvuTHORS’ SUMMARY. 
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‘ ‘occus AUREUS 
Pecuuiak Type oF HEMOLYSIS Propucep BY STAPHYLOCOCCUS 
: (L’HémorHacie STAPHYLOCOCCIQUE DE MULLER). T. PacKkaLen, Acta path. 
et microbiol. Scandinav. 15:9, 1938. 


Packalén studied a little known phenomenon, first described by Muller in 1927, 
which concerns slowly developing discrete secondary hemolytic zones produced 
by staphylococci on blood agar plates. He has verified the findings of Muller 
concerning the dependence of this hemolysis on a chemolabile and thermolabile 
filtrable substance in the blood of certain animal species. The demonstration of 
this hemolysis occurs only when erythrocytes of certain species are used, the 
author making the interesting observation that corpuscles sensitive to secondary 
hemolysis are high in potassium and low in sodium content, while the reverse 
proportions characterize resistant corpuscles. The supposition of this investigator 
is that these areas of hemolysis are “the visible manifestation of invisible virus 
colonies deriving from staphylococcal mother colonies. The animate or inanimate 
nature of this virus is left open to discussion.” A recent communication from the 
author also reveals that this phenomenon can be elicited not as hemolytic zones 
but as clear zones in opalescent heated serum plates witheut the addition of 
erythrocytes or hemoglobin. The reviewer, in working on the same problem, has 
been inclined to believe, as does Muller, that the primary element is to be found 
in the serum, since a quantitative relationship depends on this substance, the 
staphylococci activating this element, probably depending on some peculiar meta- 
bolic activity, as evidenced in variations cf mannite fermentation by active and 


nonactive strains. G. Bernice Ruopss. 


Immunology 


Tupercutous ALLERGY WitHouT INFrection. F. R. Sasin and A. L. Joyner, 
J. Exper. Med. 68:659, 1938. 


Guinea pigs can be rendered hypersensitive to tuberculoprotein by repeated 
intradermal injection of small amounts of active tuberculoprotein. Tuberculo- 
phosphatide added to the protein speeds up the sensitization and enhances it so that 
the reactive tissues become indurated and necrotic, closely simulating tissues 
involved in the disease. Active tuberculoproteins induce new formation of mono- 
cytes and of some epithelioid cells. The addition of phosphatide to the protein 
brings about massive formation of epithelioid cells. With the increase in the 
cellular reaction to the injection of the mixed phosphatide and protein may be 
correlated the increase in the speed and intensity of the sensitization. The intra- 
dermal route is the best for such sensitization, probably because it provides the 
greatest dose of the sensitizing agent per cell. The degree of sensitization arti- 
ficially obtainable by the synergistic action of tuberculophosphatide and tuberculo- 
protein is quite comparable to the degree of sensitization occurring naturally in 
tuberculous animals; moreover, this degree of sensitization may be induced with 
amounts of the materials from the bacilli which could conceivably be present in 


the tissues of an infected host. From Autuors’ SUMMARY. 


Antizopy PurIFICATION. M. HEIDELBERGER, P. GRaBAR and H. P. TREFFERS 
J. Exper. Med. 68:913, 1938. 


Tested quantitatively, antibody recovered by dissociation of specific precipitates 
from antipneumococcus serum reacts with homologous polysaccharide almost as 
does the antibody in the original serum. The dissociation methods employed 
appear to yield a portion of all the anticarbohydrates of differing reactivities in 
the serum, rather than a fraction of low or high reactivity. The reversible inacti- 
vation of purified pneumococcus anticarbohydrate by formaldehyde is confirmed, 
and the failure of data on the formaldehyde-antibody reaction to permit a choice 
between alternative theories of specific precipitation is shown. 


, 


From AutHors’ SUMMARY. 
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PRECIPITINOGEN IN SERUM Prior TO RHEUMATISM. A. F. Cosurn and R, Y 
Pauw, J. Exper. Med. 69:143, 1939. es 


Between serum taken just before and serum taken shortly after the onset of 
acute rheumatism a precipitin reaction occurs. It recurs with repeated rheumatic 
cycles. Certain properties of the precipitinogen and precipitin are described 


From AvutHors’ Sumwary 


EFFEct OF SPLENECTOMY AND BLOCKADE ON THE PROTECTIVE TITER OF ANTISERUM 
Acainst TryPANOsoMA EgurperpuM. L. R. Kuun, J. Infect. Dis. 63;2)7 
1938. ro 


The protective titer of sheep anti-Trypanosoma equiperdum serum when 
injected intraperitoneally into mice is appreciably reduced if the mice are splenec- 
tomized and blockaded with india ink or normal serum and inoculated subcutane- 
ously with 2,500 to 3,000 trypanosomes, but is not reduced if the mice are only 
splenectomized or if they are splenectomized and blockaded with specific (i, ¢ 
sheep anti-T. equiperdum) serum. Furthermore, it is only slightly reduced is 
mice that are splenectomized and blockaded with india ink and given a subey- 
taneous injection of 1,200 to 1,600 trypanosomes. Splenectomy plus blockade 
appears to have no effect on the resistance of mice to trypanosomes specifically 
sensitized in vitro. The effect of splenectomy and blockade on the protective 
titer of trypanocidal serum cannot, therefore, be due to inhibition of phagocytosis, 
decrease of complement or reduction of opsonin, but it may be due to interference 
with the concentration of passively acquired antibodies in macrophage tissues, 


From AvutTHor’s SUMMARY. 


Pneumococcus Type XIV anp HuMAN Rep CE ts. M. FINLANpand E. Curney, 
Science 87:17, 1938. 


This study was undertaken to explain the unusual reactions, occasional fatalities 
and, in 1 case, hemoglobinuria following the use of antipneumococcus XIV horse 
serum. Finland and Curnen found that horse antiserum for Pneumococcus type 
XIV had the capacity of agglutinating human bloods of all four groups at titers 
ranging from 1:80 to 1: 260. On the other hand, of 41 antiserums for pneumo- 
coccus types other than XIV, only 2 agglutinated human cells at dilutions of 
1:20 or higher. Rabbit antipneumococcus serums did not exhibit this phenomenon. 


A. S. WIENER. 


SurFACE Firms oF ANTIBODIES AND ANTIGENS. J. F. DANrIELLI, M. DANTELLI and 
J. R. Marrack, Brit. J. Exper. Path. 19:393, 1938. 


Surface films of pneumococcus (type II) antibody spread at air-water and oil- 
water interfaces show no sign of ability to combine with the specific polysaccharide. 
Surface films of horse serum globulin show no sign of ability to combine with a 
highly active rabbit antiserum. From AuTHors’ SUMMARY. 


Reactions BETWEEN DripHTHERIA ToxIN AND ANTITOXxIN. C. G. Pope and 
M. HEALEY, Brit. J. Exper. Path. 19:396, 1938. 


A photoelectric method has been used to study various phases of the Ramon 
flocculation reaction between diphtheria toxin (or toxoid) and antitoxin. The 
foliowing observations were made: The production of opacity is more rapid im 
a mixture containing a dose of antitoxin equivalent to that of toxin than in one 
in which the dose of antitoxin is either more or less than that of toxin. The rate 
is affected more by a decrease than by an increase in the amount of antitoxin, 
probably because mixtures containing two equivalents eventually develop a greater 
opacity than the mixture containing one equivalent. The rate is increased if the 
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added in two fractions. A preformed equivalent mixture gave high 
reactivity with more antitoxin, and under certain conditions a second stage may 
be observed, which is the resolution of preformed aggregates by excess antitoxin. 
Mixtures of toxin and antitoxin in varying proportions at equilibrium gave opacity 
curves similar in shape to the curves for the nitrogen content of floccules of 
varying composition, the maxima occurring at approximately the same place. This 
method of investigation is being used in further studies of precipitin reactions. 


From AutTHors’ SUMMARY. 


antitoxin is 


Sensitivity OF RHEUMATIC SUBJECTS TO STREPTOCOCCAL Propucts. C. A. GREEN, 
J. Path. & Bact. 47:337, 1938. 


Of 32 patients with acute rheumatism, 27, 14 and 13 showed cutaneous sensi- 
tivity to the endotoxin of autogenous hemolytic, viridans and indifferent strepto- 
cocci, respectively. Seventy-five per cent of a series of 105 patients with acute 
and subacute rheumatism gave positive skin reactions with a stock preparation of 
the endotoxin of the hemolytic streptococcus as compared with 24 per cent of 105 
nonrheumatic controls. In a limited number of persons whose rheumatic disease 
had become quiescent, local and general manifestations of the rheumatic syndrome 
have been induced by subcutaneous injection of the endotoxin of the hemolytic 
streptococcus. The evidence supports the view that an infection with the strepto- 
coccus is an important factor in the production of the rheumatic state. 


From AutTHor’s SUMMARY. 


HEREDITY OF THE SuBGROUPS A: AND As. P. DAnR and W. Bussmann, Ztschr. 
f, Rassenphysiol. 10:49, 1938. 


Dahr and Bussmann report the results of studies on the heredity of the sub- 
groups of group A and group AB in 106 families with 448 children. In this series 
there was a family in which the parents belonged to group A and group O, 
respectively, and the child to group AB; this was attributed to illegitimacy. In 
addition there were 2 exceptions to the theory of Thomsen, Friedenreich and 
Worsaae as to the heredity of the subgroups: (1) a child belonging to subgroup A: 
who had parents of subgroup Az and group O, respectively; (2) an As mother 
who had an A;B child. The last-named exception could not be attributed to 
illegitimacy, since under the aforementioned theory As parents cannot possibly 
have A,B children, and the exception in question involved the mother, not the 
father. The relatively large number of exceptions encountered in this study and 
also in those previously published on the heredity of the subgroups indicates the 
need for further studies before the subgroups can be safely applied in medicolegal 


cases. A. S. WIENER. 


Tumors 


SynoviaL SaRcoMA IN Serous BursaE AND TENDON SHEATHS. L. Bercer, 
Am, J. Cancer 34:501, 1938. 


Berger reports 5 cases of synovial sarcoma in which the cytologic observa- 
tions were distinctive. The origin was traced definitely to the synovial mem- 
branes of serous bursae in 3 cases and probably in the fourth case, while in the 
fifth case the growth originated in a tendon sheath. The histologic features 
could be arranged in several groups: (a) A syncytium-like structure identical 
with that of some reticulosarcomas of bone marrow or lymph nodes. (b) Areas 
resembling an irregular type of fibrosarcoma or rather of histiocytoma. (c) Cav- 
ities lined with cuboidal or columnar pseudoepithelial cells, which were in all 
other details identical with the cells lying beneath them. The cavities contained 
mucin mixed with cellular and nuclear débris, occasionally with calcium incrusta- 
tions. The mucin was apparently not produced by the cells but arose in the 
intercellular substance. (d) Large foamy cells with lipophagic and siderophagic 
properties. 
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Not all these features were present in every case. All cases presented Malig- 
nant features. The fifth tumor contained in addition multinucleated giant call 
of the type seen in so-called giant cell tumors of tendons. This case is, accord- 
ing to Berger, the first instance of malignant xanthomatous giant cell tumor on 
record. The histogenetic diagnosis was reticuloendotheliohistiocytosarcoma, 

Only 23 cases, including the 5 reported here, with specific synovial features 
are to be found recorded in the literature. In 11 of the cases the tumor originate 
in a joint; in 9, in a bursa, and in 3 in a tendon sheath. In 16 the process was 
definitely malignant. Berger suggests a classification into (1) benign synovial 
histiocytoma (with histiocytic features predominating and neoplastic nature unde- 
termined), (2) synovialoma (neoplastic, with predominantly endothelial, i, ¢ 
synoviothelial, or mucous properties) and (3) malignant synovialosarcoma (with 
histiocytic [xanthomatous, with or without giant cells], endothelial, muciparoys 
or different features), the latter in some instances being indistinguishable from 


common fibrosarcoma. I. Davmeonn 


MESONEPHROMA Ovarit. W. SCHILLER, Am. J. Cancer 35:1, 1939, 


Schiller reports a new type of ovarian tumor, observed in 19 patients, which 
is characterized by structures resembling the renal glomerulus as it is seen in 
the wolffian body or mesonephros. In addition to the morphologic similarity, 
embryologic considerations favor derivation from the mesonephros. The basic 
structure is that of a cystic cavity lined with flat cells having bulging nucle 
and relatively scanty cytoplasm. The latter is strikingly thinned out on the sides 
of the nuclei, resulting in a wavy border. Into these cavities one or two papillary 
structures protrude, carrying capillaries and lined by cells similar to those on 
the inner wall of the cyst. One case was noted in which forms resembling renal 
tubules were found. Embryologic and functional considerations explain the relative 
infrequency of tubular forms in mesonephroma. Ixy 1 instance the tumor was 
associated with a dermoid cyst and in 1 instance with an embryoma. Experience 
to date suggests that the growth is of a malignant nature. The age of the 
patients varied from 8 months to 69 years. Schiller believes that mesonephroma 
is not rare. I. DavIpsonN. 


MamMary GLAND IN HiGH AND Low Tumor Strain. E. Fekete, Am. J. Path. 
14:557, 1938. 


A comparative morphologic study of the mammary glands of the Little 
Murray dilute brown high tumor strain and the C57 black low tumor strain 
shows that the cells of the mammary tissues of the former do not respond so 
uniformly to the endocrinal influences that regulate the progressive, functioning 
and regressive changes of the gland as do those of the low tumor strain. In the 
high tumor strain groups of cells may persist in cell division while all the others 
are already functioning; or they fail to regress, sometimes continuing to func- 
tion while all the others have undergone regression. Persistent mitotic activity 
of groups of cells leads to early malignant changes. 


From AvutTHor’s SUMMARY. 


Lympu Nope Metastasis oF Sarcoma. S. WarREN and R. W. Meyer, Am. J. 
Path. 14:605, 1938. 


Metastasis in lymph nodes occurs in 5 to 10 per cent of all hospital cases of 
sarcoma (exclusive of melanosarcoma, lymphosarcoma and _ clinically benign 
leiomyosarcoma of the uterus). Seventeen cases of microscopically demonstrated 
metastasis in lymph nodes are presented. One patient is now living six years 
after removal of the involved nodes. Dissection of the involved lymph nodes 
with radical removal of the sarcoma may improve the prognosis in from 5 to 10 
per cent of cases and may be valuable even after lymphatic metastasis is clinically 


evident. From Autuors’ SUMMARY. 
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CarcINOMA OF THE LUNG. S. Koretsky, Arch. Int. Med. 62:636, 1938. 


The histologic classification of primary carcinoma of the lung may be corre- 
lated with essential differences in growth, dissemination and prognosis. 

The small cell carcinoma is highly malignant and offers a poor prognosis. 
It is usually primary at the hilus of the lung ; it readily invades the postero- 
superior mediastinum and metastasizes extensively, with an especial tendency 
toward widespread extension through the lymphatic system. The tumor occurs 
jn younger persons. There is a short, rapid course without notable remission. 

The squamous cell carcinoma is slow growing, locally invasive and relatively 
nonmetastasizing. It is accompanied by infection, necrosis and cavity formation. 
Involvement of lymph nodes other than the regional and tracheobronchial nodes 
is infrequent. This type of carcinoma, particularly when it involves the hypo- 
arterial bronchus of a lower lobe of a lung, offers the most favorable prognosis 
for complete resection. 

Adenocarcinoma is less favorable to surgical intervention, since, while locally 
invasive, it more frequently and more extensively involves the lymph nodes 
and metastasizes vigorously by way of the blood stream. 


From AutTuHor’s SUMMARY. 


Estrocentc HorMONES AND CARCINOGENESIS. L. A. Emoe, Surg., Gynec. & Obst. 
68:472, 1939. 


In a series of experiments on white rats of different ages in which aqueous 
theelin and theelin in oil were administered in varying doses and over varying 
periods of time, no malignant changes were produced in the mammary glands, 
genital tract or a transplanted mammary adenofibroma. Since this strain of 
rats is entirely free from spontaneous cancer, it is assumed that a hereditary 
immunity protects the breast and genital tissue against excessive and uncon- 
trolled proliferation, regardless of massive doses of estrogen. The proliferative 
changes observed are quantitative and self limited. They probably do not occur 
spontaneously even under high physiologic loads of estrogen, as observed in 
experiments on pregnancy. A maximal response to estrogenic stimulation is 
terminated by a process of cell exhaustion and cell destruction, probably dependent 
on changes in the hypophysis due to superphysiologic stimulation by estrogen. 
Evidence is accumulating to prove that the action of the estrogenic hormones 
is controlled by definite biologic patterns and that their cancer-provoking faculty 
in small laboratory animals is strictly limited by hereditary tendencies. There 
also is evidence that the effect of estrogen on mammary and genital epithelium 
is essentially quantitative. The carcinogenic effect of estrogen is believed to be 
limited. Because this hormone favors spontaneous mammary cancer in mice 
highly susceptible to this malignant development is not proof that it operates in 
like manner in other species of mammals. 


From AutTHor’s SUMMARY (WarRREN C. Hunter). 


BENZPYRENE AND TRANSPLANTED CarcINOMA. P. R. Peacock and S. Beck, Brit. 
J. Exper. Path. 19:434, 1938. 


There is evidence that intravenous injections of 3,4-benzpyrene colloid can 
inhibit transplanted mouse squamous carcinoma 2146, success depending more 
on the frequency of the injections than on the amount injected; in 6 of 13 mice 
that received eight or more injections of colloid, four tumors regressed completely 
and two partially. The toxicity of intravenously injected benzpyrene colloid 
differs in the various species of animals tested, being low in mice, rabbits and 
fowls (and in 1 human being) and high in rats and goats. Intravenously injected 
benzpyrene colloid is not harmless; three pulmonary adenomas observed in a 
mouse three hundred and fifty-four days after the first injection were probably 
attributable to the treatment. Deposits of benzpyrene can be demonstrated in 
the lungs of mice shortly after intravenous injection of benzpyrene colloid. 


From AutuHors’ SUMMARY. 
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MenrnNGIoMA. J. R. M. Innes, W. F. Harvey and E. K. Dawson, Edinburgh 
M. J. 45:855, 1938. 8 


Meningioma arises from stem cells of the pachymeninx or leptomeninx. ; e 
from membranes of mesodermic origin. These stem cells are of a peculiar type 
individual to the meninges. Meningioma is not, therefore, fibroblastoma, endo. 
thelioma, hemangioblastoma or glioma, but is derived from a type cell of meningeal, 
mesodermic origin, which the authors name specifically meningoblast or Meningo. 


cyte. From AutTHors’ Summary. 


Tumors 1n Mice. A. Happow, J. Path. & Bact. 47:553, 1938. 


The following conclusions are based on a study of 336 spontaneous tumors ip 
mice, 331 of which were mammary tumors. The occurrence of multiple primary 
neoplasms approached a chance distribution, althcugh the approximation was 
statistically inadequate to justify the assumption of actual random incidence, [py 
the great majority of cases the linear measurements of tumor size increased linearly 
with time, although a small proportion showed expotential increase. No significant 
associaticn could be established between the rate of growth and _ incidence of 
metastases, although such an association was present in a series studied by Ashburn, 
A significant correlation was found between size of tumor and _ incidence of 
metastasis. The duration of the primary tumor was found to be a highly important 
single factor in determining the occurrence of metastasis. No significance could 
be attributed to an apparent increase in the frequency of metastasis in mice with 
multiple primary tumors. Tumors situated in the four breasts in the caudal half 
of the body were observed to possess a mean growth rate significantly higher than 
the mean for similar tumors in the six mammary glands cephalic in position. No 
relaticn was found to exist between location of tumor and production of metastasis, 
When tumors of extreme types were studied, it appeared justifiable to conclude 
that those of differentiated adenomatous structure more often possessed low rates 
of growth than the dedifferentiated and anaplastic histologic types. In pregnant 
animals bearing spontaneous mammary carcinoma no evidence was fcund to suggest 
that gestation influenced the rate of tumor growth, but parturition and the onset 
of lactation were uncommonly followed by temporary retardation. Slow growth 
was frequently observed in the earliest stages of tumor development, such examples 
attaining their maximal rate only after a variable and often considerable interval. 
Mention is made of the possible eticlogic significance of this phenomenon. Apart 
from the effect described as consequent on parturition and lactation, retardation 
during the later stages of growth was mainly due to incidental factors, such as 


bacterial infection of the tumor substance. From AuTHoR’s SUMMARY 


INHIBITION OF Tumors By CarcINoceNns. A. Happow, J. Path. & Bact. 47:567 
and 581, 1938. 


Parenteral administration cf 1,2,5,6-dibenzanthracene in mice bearing spon- 
taneous neoplasms (mainly carcinomas of the mammary gland) resulted in most 
cases in a prolonged inhibition of tumor growth. The degree of individual response 
varied from slight to marked, and in a few animals there was active regression, 
partial or complete. The same result; with a ccrresponding degree of variation, 
was produced by the carcinogenic substances 1,2,5,6-dibenzacridine and styryl 430. 
The noncarcinogenic compounds pyrene and 1,2,3,4-dibenzanthracene either did not 
provoke a response or occasioned only transient interference with tumor growth, 
which was follcwed by recovery to the previous rate. Examples were met with 
in which the noncarcinogenic substances acenaphthanthracene and _1,2,5,6-dibenz- 
phenazine produced a retardation of growth not different from that produced by 
carcinogenic compounds. Administration of large doses of estrone benzoate 
produced in some cases no inhibition and in others moderate retardation of tumor 
growth with a teridency toward rapid recovery. 

The data indicate that primary chemically induced sarcomas as a class tend 
to be considerably less susceptible to the inhibitory action of carcinogenic substances 
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than spontaneous or transplanted tumors. This relative resistance is not, however, 
since tumors induced by a given carcinogenic compeund were not sig- 


ific a ‘ 
eet more resistant to the inhibitory action of the same compound than to 


that of other carcinogenic substances. From AuTHor’s SUMMARIES. 


Tumors AND LYMPHOGRANULOMA Virus. R. ScuHoen, Ann. Inst. Pasteur 60: 
499, 1938. 


In mice in which sarcoma materia! is engrafted subcutaneously or intraperi 
toneally and which simultaneously are inoculated intracranially with lympho- 
granuloma virus the virus becomes fixed to the developing sarcomatous neoplasms 
The proliferating sarcomatous elements provide favorable conditions for abundant 
development of the virus in the neoplastic tissue. The numerous serial passages 
of lymphogranuloma virus by grafting tumors thus contaminated in vivo, the high 
virulence of the virus and the persistence of this virulence after repeated washing 
of the neoplastic tissue furnish evidence that there is a true culture of virus in 
vivo within the sarcomatous cells. The multiplication cf the lymphogranuloma 
yirus within the tumor tissue does not modify the proliferation of the neoplastic 


cells. From AutTHor’s CONCLUSIONS. 


Sarcomatous Epuris. L. Gery, Bull. Assoc. frang. p. l'étude du cancer 27: 
124, 1938. 

Gery found reports of one sarcomatous epulis that was established to be such 
and one that was possibly in the literature. He adds a report of 4 cases observed 
by him: 

1. A 71 year old man had an involvement cf the upper gum. No other clinical 
data were available. Histologically the lesion showed small cells with large 
nuclei, which were round or slightly elongated, frequent mitoses, and no giant 
cells. The diagnosis was small cell fibrosarcoma (sarcome histiocytaire a petites 
cellules). A possible origin from the alveolar process was considered but 
excluded. 

2. A man aged 36 had a diffuse swelling of the left lower gum with involvement 
of the cervical lymph nodes on the same side. Biopsy showed a densely cellular 
growth with extreme cellular and nuclear irregularities and many multinucleated 
giant cells with similar nuclear irregularities. The giant cells did not resemble 
those of epulis. There were cccasional foam cells. A biopsy specimen from a 
metastasis in a lymph node showed an identical histologic picture. The diagnosis 
was polymorphous fibrosarcoma (sarcome histiocytaire polymorphe). The patient 
died five months after the onset, with multiple cutaneous metastases and with 
invasion of the tongue. No necropsy was made. 

3. A very cellular growth was found in the lower gum of a man of unknown 
age. Side by side with giant cells of the epulis type were, in large numbers, 
mononucleated and multinucleated true tumor giant cells with pronounced mor- 
phologic, tinctorial and nuclear irregularities, with abundant atypical mitoses and 
with foci of new-formed osteoid tissue. There were no clinical data. The diag- 
nosis was giant cell polymorphous fibrosarcoma. 

4. A gingival tumor was found invading the maxilla of a 58 year old man. 
It was a very cellular growth with extreme variations as to size, shape and staining 
of the cells and particularly cf the nuclei. There were very few mitotic figures. 
Many vascular spaces were lined by the tumor cells. There were evidences of 
destruction of bone and many fibrous areas. The diagnosis was giant cell fibro- 
blastic sarcoendothelioma (sarco-endothélioma histiocytaire, gigantocellulaire et 
fibroblastique). I 


DAVIDSOHN. 
Histotocic DiacNosis or EMBRYONAL Lipoma. G. GricourorFr, Bull. Assoc. 
frang. p. l'étude du cancer 27:251, 1938. 


An encapsulated tumor with a tendency to recur and occasionally even to 
metastasize which originates wherever adipose tissue is present but is seen most 
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frequently in the thigh and in the retroperitoneal space can be easily mistaken { 
myxoma unless frozen sections are stained for fat, for it resembles myxoma pr 
in the gross and even microsccpically. Droplets varying in size from very small 
ones to such large ones as to fill the entire cell are found; they are more numerous 
away from the blood vessels. Mucicarmin staining shows the characteristic color 
reaction in the interstitial tissue but never in the protoplasmic droplets. Tha 
finding is, according to Masson, pathognomonic for true myxoma. The fat droplets 
in embryonal lipoma or, as it is sometimes called, myxomatous lipoma are not due 
to degenerative changes in the nuclei. They are a product of cellular secretion and 
are pathognomonic for the lipoma. It may be necessary to consider: 1, A myxoma 
that invades fat tissue. In that case there will be compact lcbules of adult adipose 
tissue, but there will be no fat droplets in the young tumor cells. 2. An undif- 
ferentiated sarcoma with fatty degeneration. In that case other signs of degenera- 
tion and of necrosis will be found. 3. Xanthogranuloma. The spongiocytes (foam 
cells) characteristic of the latter will help to make the correct diagnosis. Some 
authors claim that embryonal lipoma is essentially benign and that the recurrences 
and metastases are evidences of a multicentric, systemic nature of growth, 


I. Davipsonn. 


Medicolegal Pathology 


QUESTION OF THE RIGHT OF A CORONER TO AUTHORIZE AN Autopsy Wirtnour 
Houtpinc AN INQUEST. Patrick v. Employers Mutual Liability Insurance 
Company (Mo.), 118 S. W. (2d) 116. 


Patrick, a fireman employed by the City of Macon, Mo., collapsed and died 
while fighting a fire. The local physician of the defendant insurance company 
which insured the city against possible liability under the Missouri workmen's 
compensation act notified the coroner that the city had insurance on Patrick and 
that “they ask for an autopsy.” Later in the day another physician employed by 
the insurer performed the autopsy. Patrick’s widow sued the insurance company, 
alleging that it had caused the autopsy to be performed without her consent or 
knowledge. From a judgment for the widow the defendant appealed to the Kansas 
City court of appeals, Missouri. 

The court of appeals found no merit in a contention that the widow’s remedy 
was exclusively under the workmen’s compensation act. This suit, said the court, 
is based on the theory that the widow has a quasi-property right in the remains 
of her husband. The wrong of which she complains occurred after the death of 
the husband, was in no way connected with the cause of his death and could not 
therefore be cognizable under the compensation act. 

The court disagreed with a contention made by the insurance company that the 
autopsy was legally performed. In Missouri, the court pointed out, a coroner has 
no authority to order an autopsy except in connection with an inquest to be held 
before a coroner’s jury. No inquest was held in this case, and it was evident that 
the coroner had no intention to hold an inquest, for he testified that the autopsy 
was performed merely that he might have information on which to make out a 
death certificate. 

The insurance company next insisted that if the coroner believed an autopsy 
was necessary he acted in his judicial capacity in having one performed, and the 
defendant insurance company was therefore protected. But, answered the court, 
a coroner acts judicially only with respect to determining whether an inquest shall 
be held and not in the “calling or holding of an autopsy.” He has no authority to 
order an autopsy except in connection with an inquest. In the opinion of the 
court, the jury could conclude from the evidence that even though the coroner 
sought to justify the autopsy on the theory that it was necessary for him to sign 
a death certificate, he abused his office in authorizing the autopsy for the purpose 
of assisting the defendant insurance company to obtain evidence to be used to 
defeat any claim for compensation to be made by the widow. 

For the reasons stated, the judgment in favor of the widow was affirmed. 


From J. A. M. A. 
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TREATMENT OF AcUTE INFECTIOUS MONONUCLEOSIS WITH SULFANILAMIDE. 
Sruart L. VAUGHAN and, Howarp Oscoop. 


Five patients with acute infectious mononucleosis were treated with the full 
dose of sulfanilamide. All of these patients had the sporadic type occurring in 
young adults. In each the symptoms were moderately severe, with fever, pros- 
tration and lymph node enlargement. The blood picture was typical. The titer 
of heterophil agglutination was 1: 640 or higher. In 4 patients pharyngeal or 
oral ulcers were present. In 3 patients the spleen was demonstrably enlarged. 

In 2 cases in which administration of the drug began early in the second week 
a prompt remissicn of clinical symptoms followed, with a crisis-like fall in the 
temperature and rapid healing of the ulcers. In a case without ulceration in which 
treatment was started on the first day of illness the clinical improvement was rapid, 
but the fever persisted for eleven days. Atypical hemolytic anemia developed, with 
the hemoglobin falling to 62 per cent, but the hemoglobin rose again steadily despite 
continued administration of the drug. In a case in which the treatment was started 
on the seventh day the ulcers healed rapidly and there was clinical improvement 
until a severe drug eruption developed and interfered with subsequent evaluation 
of the symptoms. In a case with severe ulceration, in which treatment was started 
on the thirtieth day of illness, no improvement was noted during the succeeding 
nine days. In all of the cases the blood and lymph nodes returned to normal no 
more rapidly than wculd be expected in cases in which no treatment was given. 


OBSERVATIONS ON CHILDREN WITH INFLUENZAL MENINGITIS WHO WERE TREATED 
witH SpeciFIC SERUM, SULFANILAMIDE AND SULFAPYRIDINE. ERwin NETER. 


During the last two years at the Children’s Hospital 12 patients with influenzal 
meningitis were observed, and some were treated with specific serum, sulfanilamide 
and sulfapyridine (2-[paraaminobenzenesulfonamido]-pyridine), respectively. The 
age of the patients varied from 3 menths to 4 years; of the 12 patients, 9 were 
below 2 years of age. During the same period no patient with influenzal menin- 
gitis was admitted to the Buffalo General Hospital. This confirms the observations 
of others that influenzal meningitis most frequently occurs in early childhood. 

The spinal fluid of the 12 patients pricr to treatment was found to be cloudy. 
The cell count varied from 304 cells per cubic millimeter in one case to 17,006 cells 
per cubic millimeter in another. Bacilli were seen in the sediment of the spinal fluid 
in all cases, but their number varied markedly with the particular specimen. 
Bacilli were most numerous in spinal fluids containing relatively few cells. Specific 
soluble substance was demonstrable in all spinal fluids. Mention may be made 
of the occurrence of a zone phenomenon; i. e., undiluted anti-Haemophilus 
influenzae serum may fail to give specific precipitation, while serum diluted 1: 10 
may cause definite precipitation, with the supernatant of the spinal fluid. 

Of these 12 patients, 9 seem to have had “primary” influenzal meningitis. One 
of the other 3 patients three weeks prior to the appearance of meningeal signs 
suffered from H. influenzae bacteremia, with metastatic purulent lesions in several 
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joints. In a second patient tracheobronchitis which necessitated trachegp 
preceded the meningitis, and H. influenzae was cultured from the tracheal exudate, 
The third patient had tracheitis caused by a hemolytic streptoccccus prior tg the 
onset of the influenzal meningitis. 

The duration of the disease in the 12 patients varied’ from three days to five 
weeks. All the patients died in spite of treatment with specific serum, sulfapj. 
amide and sulfapyridine, respectively. Attention may be called to the acute 
fulminating form of influenzal meningitis; these patients died within three to five 
days after the appearance of the first signs of the disease. 

The anti-H. influenzae serum used in the treatment of these patients was obtained 
from the Massachusetts Commonwealth, Boston, through Dr. L. Fothergill, § 
was administered intrathecally, together with normal human serum as complement, 
and in some of the patients also intravenously. Sulfanilamide was given by mouth 
and also intrathecally as a 0.8 per cent solution in physiologic solution of sodiym 
chloride. Sulfapyridine was given by mouth. In some of the cases the adminis. 
tration of the specific serum resulted not only in clinical improvement but algo 
in parallel changes in the spinal fluid: First, the number of bacilli present in the 
spinal fluid decreased, and finally the culture became sterile. At the same time, 
the sugar concentration in the spinal fluid increased, and the cell count decreased. 
However, in all cases reported in this series, in spite of continued treatment, baeiflj 
invariably reappeared, followed later by a decrease in the concentration of sugar 
in the spinal fluid. With the reappearance of micro-organisms the cell count may 
or may not increase. In no case was a second sterilization of the spinal Auid 
achieved. 

One of the patients was treated exclusively with sulfanilamide, given by mouth 
and by intrathecal injection, and later with sulfapyridine. At no time did cultures 
of the spinal fluid show that it had become sterile. The specimens of spinal fluid 
of this patient were used in an attempt to test the action of sulfanilamide and 
sulfapyridine on the viability of H. influenzae present in the spinal fluid. To this 
end, spinal fluid containing various concentrations of sulfanilamide and sulfapyri- 
dine, respectively, were incubated at 37 C. At various intervals subcultures were 
made on chocolate agar plates. The latter were incubated at 37 C. in a jar con- 
taining about 10 per cent carbon dioxide. These preliminary experiments revealed 
that H. influenzae remained viable in spinal fluid containing sulfanilamide in 
concentrations of from 5 to 15 mg. per hundred cubic centimeters even when it 
had been exposéd to the action of sulfanilamide for twenty-four hours. In spinal 
fluid containing sulfapyridine, however, the organism lost its viability, provided 
it was expcsed to the action of the drug for twenty-four hours. Further experi- 
ments are necessary in order to assay the action of these drugs on H. influenzae 
present in spinal fluid and to elucidate the matter of whether or not strains of 
H. influenzae differ in their susceptibility to the action of the drugs 


Note.—Since this abstract was submitted for publication 2 additional cases of 


influenzal meningitis have been observed. One patient died; the other ultimately 
recovered. The latter, a boy 18 months of age, was treated with a total of 213 ce. 
of anti-H. influenzae serum, given intravenously and intrathecally, and a total 
of 205 Gm. of sulfapyridine, administered over a period of twenty-seven days. 
On the third day of treatment the spinal fluid became sterile. On the seventh 
day, however, H. influenzae reappeared in the spinal fluid. Under continued 
treatment with specific serum, sulfapyridine and sulfanilamide (the latter being 
given intrathecally) the spinal fluid finally became sterile, and the patient made 
a complete recovery. 


FERMENTABLE SUGARS (DEXTROSE AND FRUCTOSE) IN PERICARDIAL FLUID. ROGER 
S. Hupparp and Emerson HO.tey. 
One of us has shown that, in addition to dextrose, there are large amounts 
of fructose in spinal fluid and that in contradistinction to the relationshin between 
dextrose in the blood and dextrose in the spinal fluid the concentration of fructose 
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js much greater in the spinal fluid than in the blood. It has not as yet been found 
possible to explain adequately the presence of fructose in spinal fluid. Various 
factors may have resulted in the difference noted between blood and spinal fluid. 
For example, fructose may be formed from dextrose during the passage of the 
latter sugar through the capillary wall. Another possible explanation is that a 
tendency toward a condition of equilibrium between dextrose and fructose exists 
in body fluids which leads to the production of measurable amounts of the latter 
sugar in the absence of red blood cells in high concentration. A third possibility 
is that the formation of fructose from dextrose results directly from enzymatic 
processes or from cellular metabclism in the spinal canal or in the central nervous 
system. ages? . oe 

It seemed possible that an examination of other body fluids low in cells might 
help in interpreting the results obtained in the study of the spinal fluid. In the 
present note the results of studies of 6 sterile, approximately normal specimens of 
pericardial fluid are presented. The material analyzed was removed at postmortem 
examinations. The number of cells present was never great; it ranged between 
600 and 1,500 per cubic millimeter. The cells were almost wholly endothelial in 
nature. Erythrocytes were absent or present only in small numbers. The most 
marked chemical difference between these pericardial fluids and the spinal fluids 
studied previously was due to the presence in the pericardial fluids of relatively 
large amounts of protein. The concentration of this substance ranged from 1 to 
2.6 per cent and averaged 1.6 per cent. The total sugar (dextrose) was determined 
by the method of Folin and Wu after removing the protein and interfering reducing 
substances by the zinc precipitation technic of Somogy. The concentration of 
sugar varied markedly. It ranged from 75 to 106 mg. per hundred cubic centimeters 
and averaged 113 mg. per hundred cubic centimeters. There was no parallelism 
between the amount of protein and the amount of sugar in the different specimens. 
Fructose was determined by Roe’s application of the resorcinol reaction. The 
results were corrected for the slight color given by the dextrose present. The 
average amount was 0.4 mg. per hundred cubic centimeters, and the range was 
from 0 to 1.5 mg. per hundred cubic centimeters. Three specimens contained 
no measurable amount of the sugar. These concentrations are much lower than 
those previously found in spinal fluid, which averaged 2.9 mg. per hundred cubic 
centimeters. They are approximately the same as the results of blood analyses, 
which ranged from 0 to 1.9 mg. per hundred cubic centimeters and gave an 
average value of 0.5 mg. per hundred cubic centimeter. In these pericardial fluids 
there was no parallelism between the dextrose and the fructose similar to that 
observed in spinal fluid. 

Confirmation of the nature of the sugars was furnished by a short (twenty 
minute) incubation with packed yeast cells. The fructose (compound giving the 
resorcinol reaction) was entirely destroyed by this procedure. The dextrose 
(total reducing compounds) was almest wholly removed by it. The nondextrose- 
reducing substances in pericardial fluid, as determined by the Folin-Wu copper 
reagent after purification with zinc and sodium hydroxide, were equivalent approxi- 
mately to 3 mg. of dextrose per hundred cubic centimeters of fluid. Practically 
all of the reducing compounds in pericardial fluid are destroyed readily by incuba- 
tion with yeast cells for short periods of time. Fructose is present in such fluids 
in approximately the same concentrations as in blood. The results suggest that 
the presence of fairly large amounts of fructose in the spinal fluid is due to reactions 
within the fluid itself cr to some effect of enzymes or of metabolism of the tissues 
adjoining the spinal canal. 


CHOLANGIOMA IN HEPATOLITHiASIS. S. SaNnes and James D. MacCatium. 


From the standpoint of its pathogenesis, primary carcinoma of the liver, 
including both hepatoma and cholangioma, has been linked to a number of pre- 
existing lesions, e. g., -cirrhosis, parasitic infestation, congenital rests, chron‘c 
venous congestion, cholangitis and hepatolithiasis. 
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We report the rare occurrence of cholangioma in hepatolithiasis associated with 
cholangitis and cholostasis. The neoplasm was discovered incidentally at autopsy 

A white woman aged 61 years, who had been a diabetic patient for foyr Years 
was admitted to the hospital because of a stupor of four days’ duration. No history 
of jaundice was obtained. Death occurred within twelve hours. 

The pertinent pathologic observations included: early diffuse and patchy pney. 
monia; hepatolithiasis with dilatation of the intrahepatic bile ducts, which con. 
tained brown sandy mucopurulent bile, with several bile ducts showing Papillary 
formations of the lining; small papillary and solid bile duct carcinom 
(cholangioma) in the right lobe of the liver; chronic cholangitis of extrahepatic 
ducts, with choledocholithiasis and dilatation; chronic cholecystitis and chole- 
lithiasis; dilatation of the pancreatic duct, with atrophy of the parenchyma and 
interstitial fibrosis; atrophy of the brain. 

Grossly there was found in the anterosuperior and medial part of the right 
lobe of the liver a dilated duct which showed at and proximal to the site of 
lodgment of a stone distinct papillary proliferations into the lumen. On further 
gross sections through the duct the lumen was practically entirely filled with 
papillary growth, and the-wall was invaded. Surrounding the duct were solid 
white-yellow nodules. The site of the tumor on transection measured 2.5 by 2.5 em. 

Microscopically, the tumor proved to be an invading papillary and glandular 
bile duct carcinoma (cholangioma) with solid formations of alveolar and trabecular 
types. It was associated with hepatolithiasis and with cholangitis and perj- 
cholangitis, which showed papillomatous and adenomatous proliferations in the 
mucosa and in the walls of ducts near the carcinoma and distant from it, 
Metastases in lymph nodes were not demonstrated. 

The question of the pathogenic relationship between hepatolithiasis with 
cholangitis and cholostasis and cholangioma was discussed. 


NEW ENGLAND PATHOLOGICAL SOCIETY 
CuHarLes Brancu, President 
Annual Meeting, May 18, 1939 


GRANVILLE A. BENNETT, Secretary 


Virus AND BACTERIAL INFECTION OF THE CHICK EmBrRyo. ERNest W. Goop- 
PASTURE, Nashville, Tenn. (by invitation). 


It is often difficult to find or to procure suitable susceptible experimental ani- 
mals for use in studies of virus diseases. Viruses as a class are very selective 
in their requirements for growth. So far as is known, an intracellular environ- 
ment is necessary for their multiplication, and in some instances only one type of 
cell of a susceptible host can serve to promote their growth. The need for a host 
susceptible to many viruses and easy of access has been met to a considerable 
extent by the embryo of the developing egg. 

The cells of the chick embryo have been found to be susceptible to infection 
by a much greater number of viruses than those of any other animal. At least 
15 viruses of man and 12 indigenous to other animals have been successfully used 
to infect chick embryos. 

The chick embryo method has been employed for the preparation of various 
prophylactic vaccines, namely, those against smallpox, yellow fever, equine 
encephalomyelitis, fowlpox and laryngotracheitis of fowls. 

It has been demonstrated also that certain viruses cultivated by serial passage 
in chick embryos, while gaining virulence for the embryo, lose virulence for their 
native host. This occurs with the viruses of human influenza, fowl bronchitis and 
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herpes simplex. The attenuation thus induced is favorable to the discovery of 
other vaccines of prophylactic usefulness. 

By grafting skin from man or other animal onto the chorioallantois of the 
chick embryo it is possible to study virus infection and to analyze some of the 
processes of immunity. 

Bacterial infection may likewise be studied in chick embryos because these 
developing animals are very susceptible to many living pathogenic agents. In fact 
the chick embryo is the only host in which epidemic meningitis has been induced 
and its pathogenesis studied experimentally (observations by G. John Buddingh 
and Alice Polk, unpublished). Lesions simulating those found in human beings 
with whooping cough may be induced in the respiratory tract of the chick embryo 
by inoculating it with the bacillus of whooping cough. It is possible by this means 
also to study such human infections as diphtheria, typhoid fever, undulant fever 
and others. 

The infected chick embryo, furthermore, offers excellent experimental ground 
for the study of the effects on infection of specific serums and other chemical 
agents and for assaying the effectiveness of such therapeutic agents. 

These matters are discussed in some detail and are exemplified by suitable 
experimental illustrations. 

DISCUSSION 

Roy ForHercILL: It has been a great pleasure for me to hear from Dr. Good- 
‘pasture concerning a technic developed by himself, which has been such a useful 
tool to so many of us. He has surveyed the field of usefulness so completely that 
one can add but little. I should like to point out one or two things that may be 
of some interest. In the first place this technic may be particularly useful in the 
diagnosis of certain virus diseases because in certain instances the egg is more 
susceptible to infection by small doses of virus than is the usual experimental 
animal; therefore, one may be able to detect smaller amounts of virus. One feels 
inclined to emphasize the practical importance of this technic with respect to the 
production of certain types of vaccine, particularly the production of vaccine for 
equine encephalomyelitis. Only within the past week a report was received from 
the United States Bureau of Animal Industry in which it was stated that during 
the past year, the first year of application of this method to the production of 
equine vaccine, over 1,600,000 10 cc. doses were produced. Another point of some 
theoretic interest is that this method in respect to certain viruses has permitted 
one to obtain virus in greater concentrations than previously could be obtained 
from infected animal tissue. This has permitted a rather definite answer to one 
controversial problem, i. e., whether or not a virus inactivated by solution of for- 
maldehyde U. S. P. is still immunogenic. Certainly it has been amply demon- 
strated that the vaccine for equine encephalomyelitis produced in this manner and 
formaldehydized is abundantly immunogenic. Another possibility of such a method 
which might be mentioned is that because of the high concentration of virus 
obtainable from diseased chick tissue there is a possibility of preparing some of 
the animal pathogenic viruses in a relatively pure state. Stanley has purified a 
plant virus, but until recently this has not been accomplished with an animal virus. 
Beard, Wyckoff and others have treated chick tissue equine virus in the ultra- 
centrifuge and obtained a homogeneous sediment which could not be obtained from 
any other diseased tissue. 

E. F. Russett: At the present time how is the smallpox vaccine used? 

ConraD WESELHOEFT: It was Dr. Goodpasture and his associates who first 
definitely isolated the virus of mumps. It is to be hoped that his work with the 
chick embryo will throw some light on the relation between the neurotropic and 
the cytotropic action of the mumps virus, thus giving us a better understanding 
of this disease. Another controversial subject which would lend itself to this 
investigation is whether chickenpox and herpes zoster are related. 
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Joun Enpers: It is extremely interesting that the heterogenous tissye should 
grow on the membrane, and that of course suggests that possibly species antigenic 
differences have not become fully developed in the embryo. I should like to ask 
whether there has been any investigation of this problem, i. e., whether compara- 
tive tests of the immunologic specificity of chick embryonic tissue and of the fowl 
tissues after hatching have been carried out. 

F. P. McCartny: Have you had any experience as to the results of the age 
of smallpox vaccine virus in the treatment of recurrent herpes simplex? Some 
dermatologists are using from six to eight doses of subcutaneous or intradermal 
vaccine virus in the treatment of herpes simplex, with apparently good results, ] 
is a lesion which has bothered dermatologists over a period of years. Recently 
good results have been obtained from that type of therapy. ' 

A. W. Settarps: I am glad to add my appreciation of Dr. Goodpasture’s con. 
tributions. Last summer in Europe there was veritable enthusiasm at the Pasteyr 
Institute in Paris because at last the problem of a bacteria-free vaccine yipgs 
had been solved through cultivation of the virus on the chick embryo. In Antwerp 
the Prince Leopold Institute was pleased because at last the chick embryo provided 
vaccine virus suitable for use under tropical conditions in the Belgian Congo, The 
method enjoys much favor in London, at Hampstead, in the study of virus diseases, 

I am sure that all share the astonishment in seeing the specific lesions of 
meningococcic and pertussis infections reproduced for the first time in the chick 
embryo and that all share the pleasure of seeing the study of infectious diseases. 
placed on a sound basis through the efforts of the pathologists. 

E. A. Suttivan: Did you ever use this method for the study of anaerobes? 

RoBERT FIENBERG: Were any neoplastic changes observed? 

S. B. Worpacn: How far up in the scales of size do you include organisms 
under the term “virus”? When I studied bacteriology all organisms were viruses; 
we spoke of the virus of tuberculosis; then we said “filtrable virus.” Now the 
plain term “virus” in the minds of most persons indicates a filtrable micro-organism. 

Ernest W. GooppAsTuRE: Regarding Dr. Wolbach’s question: There is every 
reason to believe that minute bodies are associated with certain viruses. It cannot 
be definitely stated whether these bodies represent the virus or whether they have 
a virus so closely associated with them that it is not possible to separate them. 
One is amply justified in considering the elementary bodies which are components 
of the inclusions of cowpox and smallpox as the active agents of these diseases, 
In regard to what virus is, however, I do not know, and I do not believe anybody 
else does. It is useless to argue whether the viruses are living parasites or not. 
As far as any one knows, they need the life processes of cells for their reproduc- 
tion. When one talks of the phenomena of life, the term in regard to particles as 
small as virus particles must, I think, have no significance. There is one impor- 
tant thing to remember, and that is that the viruses, as far as one knows, and the 
evidence is very strong, are not filtrable forms of any known bacteria. 

Dr. Russell asked about the use of chick embryo vaccine. It can be used either 
by injection or by inunction after scarification. My associates and I have used 
the latter procedure entirely in conformity with the established practice for calf 
vaccine. The solution of the problem of human vaccination with chick vaccine is 
not in sight. I believe that in the course of time this method will supplant methods 
that have been satisfactory over a number of years. There have been some rather 
severe local reactions reported with chick vaccine, also greater scar formation, 
with occasional keloids. Dr. Harrison questions the use of chick vaccine. My 
point of view is that, as with calf vaccine, one must consider the strain used. 
Dr. Buddingh carried the Levaditi strain of neurovaccine and a dermal strait 
through fifty generations in embryos. The Levaditi strain, which is a testicular 
neurotropic virus, has a tendency to infect the endothelium and connective tissue. 
That is why one gets large hemorrhagic lesions in rabbits. These qualities are 
maintained in the chick embryo, and although at the end of fifty passages this 
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strain has lost some of its virulence, it still produces hemorrhagic lesions. The 
dermal strain affected the ectoderm but did not produce hemorrhagic lesions. 
Manufacturers of vaccine should realize that the strain of virus used is important, 
and there is no reason to believe that once a good strain of vaccine is obtained it 
should acquire undesirable qualities by chick embryo passage. A chick embryo 
yaccine established in the laboratory of the department of pathology of the school 
of medicine of Vanderbiit University and maintained for seven years shows none 
of the qualities of neurovaccines. If it is put into the brain of a rabbit, the rabbit 
does not acquire meningitis. Inoculated in the skin, it produces lesions without 
hemorrhage. If one has a good strain to start with, there is no reason to believe 
that good qualities will be lost and bad qualities acquired. A vaccine which pro- 
duces undesirable lesions may appear on the market. I think this is due to the 
strain of the virus used and not to the method of production. 

Since it is possible to produce with one chick embryo more than a thousand 
standard doses, based on titration on the rabbit’s skin, I think chick vaccine will 
be used, but I do not think it should have any bad qualities. 

Regarding species specificity: I did not have time to go into the history of 
the development of the chick embryo method, but it is well to remember that it 
was used in the study of the Rous tumor. Tumor cells have been inoculated into 
the embryo, with “takes” in the membrane more pronounced than those in the 
embryo. Following these studies, Dr. James Murphy used the chick embryo 
membrane method in transplanting tumors. He transplanted cancers of mice and 
rats, which took perfectly well and grew up to the eighteenth or nineteenth day. 
The newly hatched chick is entirely resistant to such tumors. The embryo does 
not seem to have acquired so-called species specificity. It does not respond by the 
production of immune substances as does the adult. 

It has been shown that if a hen is immunized to a certain toxin the antitoxin 
which develops in the hen will concentrate in the yolk of the egg and that the 
embryo of the egg from the immunized hen is then not susceptible to the toxin. 

In answer to the last question: There are some reports in the literature of 
good effects from vaccinia in recurrent herpes, but I have had no experience along 
that line. There have been no experiments that I am aware of on the culture of 
anaerobic organisms in chick embryos. Successful results have occurred with 
trypanosomes, certain spirochetes, several of the fungi and some of the protozoan 
parasites. 
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Book Reviews 


Report of the Medical Research Council for the Year 1937-1938, Presented 
by the Lord President of the Council to Parliament by Command of His 
Majesty, February 1939. Paper. Pp. 221. Price, $1.05. New York: Brig 
Library of Information. London: His Majesty’s Stationery Office, 1939, 
First comes a statement of the Committee of the Privy Council for Medical 
Research which explains in a general way how the grant of £195,000 (abom 
$975,000) by Parliament for the year ending Sept. 30, 1938, was allocated fo, 
research. Then comes the report of the Medical Research Council. In the intro. 
duction to the report are discussed such topics as the practical application of new 
knowledge, research policies, investigations for government departments, the treat. 
ment of cancer by radium and research on hormones. Subsequent parts deal with 
the National Institute for Medical Research and details of the work carried op 
there by some forty investigators; the determination of biologic standards and 
methods of biologic assay and measurement; the work of the clinical research 
units in three London hospitals and at the Royal Infirmary in Edinburgh; the 
external scientific staff and its investigations; the research aided by grants to 
workers in various places and in various branches of medicine; research in the 
field of tropical medicine; industrial health; traveling fellowships; personnel and 
representation. An appendix gives the names of committees for the special sub- 
jects and also indexes of scientific subjects, institutions and personal names, 
Finally comes a list of publications. The long research front outlined in the 
report represents clinical and experimental medicine, with special attention to virus 
diseases, endocrinology, chemotherapy and cancer. Research on a huge scale js 
conducted under centralized direction but without dictation to the individual 
worker. The report merits the attention of all who are concerned in an active 
way with the advance of scientific medicine. 


Failure of the Circulation. Tinsley Randolph Harrison, M.D., ‘Associate Pro- 
fessor of Medicine, Vanderbilt University School of Medicine, Nashville, Tenn, 
Second edition, revised. Cloth. Pp. 495, with 60 illustrations. Price $4.50, 
Baltimore: Williams & Wilkins Company, 1939. 


The appearance of a second edition of Harrison’s book is evidence of the 
success of the first edition of only four years ago. The new volume is more than 
a mere reprint; there has been much revision, as is shown by rearrangement of 
topics and- by numerous additions to the text. The most significant change is the 
expansion of the discussion of angina pectoris. This includes not only the more 
recent advances in the physiology and pharmacology of the circulation but the 
newer views as to the clinical features and treatment of this most important type 
of acute forward failure of the heart. The whole topic is brought quite up to 
date. It may be noted incidentally that one is pleased to see the simpler terms 
“forward failure” and “backward failure” replace the less familiar and rather 
pretentious “hypokinetic syndrome” and “dyskinetic syndrome.” As Harrison says, 
knowledge of the phenomena of heart disease is more advanced than knowledge of 
its causes. This means that physicians are often compelled to treat disturbances 
of function rather than to prevent or overcome underlying causes. One must, 
therefore, approve the persistent zeal of the Vanderbilt group who are attacking 
these problems from the standpoint of factual clinical and necropsy manifestations 
but who at the same time are striving, by physiologic, chemical and bacteriologic 
experimental methods in the ward and the animal laboratory, to understand better 
the fundamental processes that are involved in normal circulation and its failure 
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Lehrbuch der allgemeinen Pathologie und der pathologischen Anatomie. 
H. Ribbert. Twelfth edition. Edited by Prof. Dr. H. Hamperl, Prosektor 
am pathologischen Institut der Universitat, Berlin. Paper. Pp. 634, with 700 
illustrations. Price, 27 reichmarks. Berlin: F. C. W. Vogel, 1939. 


Hamper!’s new twelfth edition of Ribbert’s book appears to be a good general 
text for students of medicine. Some of the sections on general pathologic processes 
are excellent, notably that on thrombosis and those on some of the inflammations. 
The section on tumors is brief but appears reasonably comprehensive. The illus- 
trations include many excellent photographs as well as many diagrams and 
drawings. As might be expected from the extent of the text (634 pages, includ- 
ing 700 illustrations), many subjects are referred to very briefly or omitted alto- 
gether. One finds no reference to tularemia, typhus or plague and only slight 
reference to many of the other infectious diseases. The hepatic changes in Weil's 
disease are mentioned but not the characteristic interstitial nephritis. The scope 
of the book is too restricted to permit much use of the matter as a source of 


reference by pathologists. 
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Books Received 


MEDICAL JURISPRUDENCE AND ToxicoLocy. William D. McNally, B.A., MD, 
Assistant Professor of Medicine and Lecturer in Toxicology, Rush Medical College, 
University of Chicago, Chicago. Cloth. Pp. 386, with 23 illustrations. Price 
$3.75. Philadelphia and London: W. B. Saunders Company, 1939. 


Mepicat Microprotocy. Kenneth L. Vurdon, Ph.B., M.S., Ph.D., Assistant 
Professor of Immunology and Bacteriology, Louisiana State University School 
of Medicine, New Orleans. Cloth. Pp. 73, with 120 illustrations. Price $4.50, 
New York: The Macmillan Company, 1939. , 


CaNcER HANDBOOK OF THE TUMOR CLINIC, STANFORD UNIVERSITY SCHOOL oF 
Mepicine. Edited by Eric Liljencrantz, M.D., Chief of Tumor Clinic, Stanford 
University School of Medicine, San Francisco. Cloth. Pp. 114, with 50 illustra- 
tions. Price $3. Stanford University, Calif.: Stanford University Press, 1939, 


SYMPOSIUM ON THE SYNAPSE. Herbert S. Gasser, Joseph Erlanger, Detley 
W. Bronk, Rafael Lorente de N6 and Alexander Forbes. (Reprinted from the 
Journal of Neurophysiology [2:361-472, 1939].) Cloth. Pp. 361-474. Price $2. 
Springfield, Ill., and Baltimore, Md.: Charles C. Thomas, Publisher, 1939. , 





